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PREFACE 

This preliminary design work v a s  performed by Research Department personnel 

of the Hughes Tool Company, Oil Tool Division, Houston, Texas, under Contract 

No. 951178 from the 3et Propulsion Laboratory, Pasadena, California, and 

covered the period Hay to October, 1965. 

This vork was done under the general direction of T. N. Willlaitson, Director 

of industrial iiesearch, and vith the fell support nf Dr= D. J, Martin, 

Vice-President of Research, and M. E. Montrose, President of the Oil Tool 

Division. R. 0. Bredthauer served as Project Manager, and W. T. Jones as 

Project Engineer. The manuscript w a s  authored by W. T. Jones and R. 0. 

Bredthauer, Other Hughes Tool Co. Research and Engineering Department 

personnel rendering valuable service were V. W. Parish, M. R. English, 

D. L. hler, A. D. Wilkinson, K. W. Coffman, A. E. Dykes, and R. H. Strickland. 

Foster-Miller Associates, Inc., of Waltham, Massachusetts, under the direc- 

tion of Dr. Eugene Foster and Marvin Menzin, were engaged during the con- 

cept generation phase to seek independent solutions to the design problem. 

Their assistance is gratefully acknowledged. 

We are indebted to Mr. Jack Brown of the Welex Division of Halliburton 

Company for assistance in evaluation of the explosive coring concept. 

In response to a specific provision of this contract, a proposal has been 

submitted to Jet Propulsion Laboratory for the development, manufacture, 

*and testing of the preferred design of the Geological Sample Acquisition 

and Transport Device described in this report. 
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A concept design for a breadboard model of a Geologic Sample Acquis i t ion 

and Transport  Device is described. This device w i l l  take a th ree  cubic  

cent imeter  sample of rock from under a twelve inch l a y e r  of overburden 

and transport the sample, uncontaminated by the  overburden, t o  a poin t  

above the overburden sur face  and deposi t  i t  i n  a t r a y  f o r  subsequent 

ana lys i s .  Xhe overburden may a i v o  Le simf:ar:j- sa;;;i;'L=d. =.e dvzlce- Ls 

designed to acquire  overburden and rock samples through ports t o  the  in-  

t e r i o r  of the  rotary-impact b i t ,  t o  s e a l  the  b i t  i n t e r i o r  by r o t a r y  valving,  

and t o  t ranspor t  the batch sample t o  the  sur face  by means of a gas system. 

An outer  b a r r e l  provides a means of excluding overburden during rock sample 

acquis i t ion .  The approach taken in  the  generat ion of concepts and devefop- 

ment of the desfgn is described, and the  o r i g i n a l  concepts along w i t h  in- 

ves t iga t lons  and evaluat ions are included' i n  an appendix. 

_. 
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Section 1 

INTRODUCTION 

1.1 PURPOSE 

The purpose of this study is to prepare a conceptual design of a bread- 

board Laboratory model of a Geological Sample Acquisition and Transport 

Lkvice (GSATD) which can acquire a sampie of uriirriown rock aad transpert 

it to air X-ray diffiactm-ter c r  other instrument for analysis, This de- 

vice is to perform satisfactorily under earth gravimetric and atmospheric 

conditions, Since the ultimate flight model which may develop from this 

breadboard may be used on the later Surveyor flights or in the Voyager 

program, the goals of a flight model must be kept in mind. 

must be as simple as possible in order t o  increase reliability, overall 

weight and power requirements should be kept as low as practical for a 

breadboard model, and components should be capable of ultimately operating 

in hard-vacuum conditions with large temperature variations. 

The mechanism 

1.2 PERFORMANCE REQUIREMENTS 

The GSATD is to acquire three (3) cubic centimeters or more of uncontam- 

inated, unaltered, and unsorted fragmented rock or other subsurface material 

encountered. That is, the sample is to be representative of the location 

from which it is acquired. Fragmented rock shall be acquired from solid 

rock which is covered by a cohesive or noncohesive overburden at a depth 

of approximately one foot. This sample shall then be transported to a 

short distance above the overburden surface. Further sample preparation 

and transfer to the analyzing device is not a part of the required concept. 

The device also shall have the capability of acquiring a sample of highly 



vesicular, rather than solid, rock which is covered by 3 similar overburden; 

this sample also is to be transported to a short distance above the over- 

burden surface. In addition, the layer of overburden is to be sampled; 

samples shall be obtained from a bed of the following types of particulate 

material and transported to a short distance above the surface: 

1. 

2. Noncohesive particulate - sand of 1 - 2 millimeters (mn) size 

Coheeive powder - 37 microns (v) 

-n n . i L - l -  -;e--- r:-, c,. rn..,r,l nm J. nuuuie - UILLAULI bu O C I C I . V L  

The main goals to be achieved by the breadboard device are: 

1. The acquisition of a rock sample from under and the transportation 

to a point above unconsolidated overburden material without 

contamination of the rock sample by the overburden. 

2. The acquisition of high porosity, low density consolidated or 

unconsolidated overburden material. 
. . .- 

Emphasis is to be on acquisition and transportation of the sample rather 

than on fragmentation or drilling of the rock. However, i f  the fragmentation 

process is integral with the acquisition and transport process, it shall be 

considered. If the device employs a drill for the fragmentation process and 

the sample is acquired through a drill bit, a commercial drill motor may 

be used t o  demonstrate the drilling-acquiring d e .  

The following overburden and rock combinations were suggested for eventual 

testing of the breadboard device: 

1. Basalt rubble 

2. Basalt 
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3. Pumice 

4. Basalt under 25 centimeters (em) of quartz dust (37~1) 

5. 

6 .  

7. Punice under 25 ern of basalt dust 

8. Pumice under 25 cm of basalt sand 

9. Pumice under 25 cm of basalt rubble 

Basalt under 2 5  cm of quartz sand (1-2 m) 

Basalt under 25 cm of quartz rubble (dust, sand, pebbles) 

16, %E!alt 4 E S t  Et surfn_cP 

11. Basalt sand at surface 

1.3 APPROACH TO CONCEPT DEVELOPMENT 

The overall problem first was divided into three sub-categoriesy as follows: 

1. 

2. Sampling of the rock 

3. Transport of the sample 

Overburden removal or exclusion and sampling of the overburden, 

Concept-generation sessions were held on each of the above sub-categories. 

With the exception of the Project Manager and the Project Engineer, who 

attended all sessions, different engineers with various backgrounds par- 

ticipated in each of the meetings. Ideas were not necessarily limited to 

the specific session subject; some discussion of the overall problem occurred 

in each session, 

Upon completion of the three sessions a concept documentation system was 

established. 

advantages and disadvantages were listed, and concept numbers were assigned, 

The resulting twenty-three concepts were arranged into eight groups with 

the concepts in each group being variations of the same basic idea. Each 

group was then investigated in detail and the feasibility of the basic idea 

determined. 

Each concept, or partial concept, was sketched and described, 
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Concurrently, Foster-Miller Associates, Inc., a consulting engineering 

firm of Waltham, Massachusetts, was engaged to conduct an independent in- 

vestigation. Their task was to generate concepts of their own, evaluate 

them, and recommend a preferred system t o  the contractor. 

At the preliminary design presentation, the results of the investigations 

of the eight concept groups, were presented to JPL, along with the con- 

cepts generated by Foster-Miiier. A numerical evaluation procedure was 

devcfoped to deter;l,ir;e the c ~ n c c p t  .;.f.,ich hsd tho, nncuihil r - - -  -- -- i t y  - of 

meeting all requirements. This evaluation is shown in Appendix C. On 

the basis of this evaluation and work already in progress at JPL ,  it was 

decided to concentrate further effort on one of the Hughes Tool Company 

(HTC) groups and on one of the concepts submitted by Foster-Miller. 

were developed further and presented at the final design review. 

result of this review, a design based on "C Group 1 (Gas Transport through 

a Double Wall Tube) was determined to be the best approach, and this is 

presented in this report as the preferred design. 

These 

As a 

1.4 ORGANIZATION OF REPORT 

The preferred design is described in detail in Section 2 of this report. 

Some alternate designs which were developed past the initial concept stage 

are described in Section 3. Development of these concepts was halted when 

their limitations became obvious. 

The initial concepts are documented in the appendices. 

of Foster-Miller progress reports which describe and evaluate their concepts. 

The reports of investigation of the HTC concepts are in Appendix B y  and the 

Appendix A consists 

numerical evaluation of all concepts presented a t  the preliminary design 

review is shown in Appendix C. a 
1-4 



Sect ion 2 

PREFERRED DESIGN 

2.1 DESCRLPTION 

The prefer red  concept design is shown i n  Figure 1. The arrangement of 

the var ious  caaponents of the GSATD mechanism is shown i n  Figure 1 along 

with the  supporting s t r u c t u r e ;  t h e  d e t a i l s  of these components are shown 

i n  Figures 2 an3 3 aiid described iii the fo??s i i ir~  secticxs. 

2.1.1 Supporting S t ruc tu re  

The main support ing s t r u c t u r e  i s  made up of t he  Base, Supports, Model Base, 

Support Tube, Lead Screw, and Top P l a t e .  On t h i s  s t a t iona ry  s t r u c t u r e  is 

mounted a movable s t r u c t u r e ,  Plates 1 through 6 ,  Gussets 1 through 3, and 

t h e  Lower Framework, which supports t h e  actual GSATD mechanism. 

Percussor  Housing, besides enclosing the  percussion mechanism, serves  as 

a s t r u c t u r a l  member between Pla tes  1 and 2 and a s  a support  on which the  

Motor C l a m p  is mounted. The Nut assembly contains  a Nut ro t a t ab ly  mounted 

i n  b a l l  bear ings,  and which engages the  Lead Screw and supports t he  e n t i r e  

movable s t ruc tu re .  The d e t a i l s  of the  Nut Assembly a r e  shown i n  JPL Draw-  

ing No. 6-9376306. 

The 0 

2.1.2 B i t  

The B i t  is shown a t  the lower end of the  D r i l l  Stem i n  Figure 2 ;  an enlarged 

d e t a i l  view is shown i n  Figure 3. The c u t t i n g  element is a tungsten Carbide 

Blade with a Cutt ings Relief Groove. The Carbide Blade is  brazed t o  t h e  

B i t  Body which is at tached t o  t h e  D r i l l  Stem by a threaded connection. 

Two Por ts  are provided, one on each s i d e  of t h e  Carbide Blade. 

o r  averburden pass through these  Ports  t o  the  i n t e r i o r  of the  B i t  when t h e  

Cutt ings 

0 
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Rotary Valves a r e  open, Should one of t he  Ports become clogged, the  Cutt ings 

Relief Groove allows f r e e  a- of cu t t i ngs  t o  the  o the r  Por t  thus decreasing 

the  p o s s i b i l i t y  of a reduced penetrat ion r a t e .  

2.1.3 D r i l l  S t e m  

The Drill Stem is  the  tubular  member t o  which the  B i t  is at tached.  A short 

d i s t ance  below the  Percussor,  male threads are located on t h e  D r i l l  Stem to 

connecr wirh rhe  Cuter iiarrei. irisidr F e i C i i S S G i  the  Dri?? Stcn is =.le 

up of several pieces  which, i n  e f f e c t ,  form a tube through the  center of 

t he  Percussor. A t  t he  top of t h e  Percussor t he  D r i l l  Stem is  supported i n  

Bearing 1. Above t h i s ,  one of t he  Rotary Drive Gears is a t tached  t o  the  

D r i l l  Stem. 

outs ide  t h e  Percussor on P l a t e  2. 

D.C. motor, type BL with a t tached  gear  box, made by Globe I n d u s t r i e s ,  Tnc. 

A f t e r  emerging from the  Percussor Housing, t h e  D r i l l  S t e m  terminates  i n  

the  r o t a t i n g  member of Swivel 2 .  

The o the r  Rotary Drive G e a r  is at tached t o  Motor 2 mounted 

The motor shown is  a permanent magnet, 

a 

2.1.4 Percussor 

The Percussor shown is  a modified vers ion of the  Percussor shown i n  JPL  

Drawing No. 6-9376306. Although the Performance Requirements (Sect ion 1.2) 

state t h a t  they may be used t o  supply rotary-percussion, c m e r c i a l  d r i l l  

motors would have t o  be extensively modified t o  al low t h e  D r i l l  S t e m  t o  

pass completely through t h e  motor. 

would be necessary to the  Percussor a l ready designed by JPL f o r  t h e i r  

Lunar  Breadboard Model. it w a s  chosen f o r  the  GSATD mechanism. 

p a r t s  shown i n  JPL Drawing No. 6-9376306 which a r e  d i r e c t l y  involved i n  

supplying percussive energy t o  the  D r i l l  Stem are used. 

of t h i s  mechanism a r e  not repeated i n  Figure 2 ,  the  operat ion is a s  follows: 

Because only s l i g h t  modif icat ion 

Only t h e  

Although d e t a i l s  
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Motor 1 (permanent magnet, D.C. motor, Globe type BL with at tached gear  box) 

r o t a t e s  a Crank which is connected by a Connecting Rod t o  a Hammer Retr iever .  

A s  t h e  Hammer Retr iever  rises, it l i f t s  the  Hammer which i n  t u r n  compresses 

a Spring. 

Spring compressed. As t h e  Crank continues t o  rotate, the  Hammer Retriever 

is lowered; at bottom dead c e n t e r  the Hammer Retriever releases t h e  Latch, 

al lwing the Spring to force the Hamer down, The Hammer s t r i k e s  an Anvil 

a t tached  t o  the  D r i l l  Stem, and the  e n t i r e  process is then repeated. The 

energy of the blow may be var ied by changing t h e  amount of throw i n  the  

Crank, by changing t h e  Spring, or by a combination of the  two. The number 

of blows per  minute i s  cont ro l led  by the speed of Motor 1, there being one 

blow f o r  each revolut ion of t he  output sha f t .  

A t  top  dead c e n t e r  the Hammer is latched i n  p lace  wi th  the  

2.1.5 Outer Barrel  Assembly 

The Outer Barre l  is a tubular  member which has Carbides brazed onto i ts  

lower end, a s p i r a l  groove on i t s  outer  sur face ,  and a flanged connection 

on i t s  upper end. 

Outer Barrel Drive Gear. The Washer s e a t s  i n  a recess  i n  the  flanged 

connection and provides a guide f o r  t h e  D r i l l  Stem. The Outer Barrel 

Drive Gear t ransmi ts  power from the  Pinion and Motor 3 (permanent rnagnet, 

This connection assembles the  Outer Barrel onto the  

D.C. motor, Globe type BL with attached gear  box) t o  t h e  Outer Bar re l  and 

a lso serves as an  involute  sp l ine ,  allowing relative vertical movement 

between t h e  Outer Barrel  and the Pinion. The female threads i n  t h e  Outer 

Bar re l  Drive Gear along with the  male threads on t h e  D r i l l  Stem comprise 
I 

I 
I 
I 

t h e  D i f f e r e n t i a l  Screw which is used i n  connecting and disconnecting t h e  

Outer Barrel with the D r i l l  Stem. A Cover P l a t e  is secured t o  the  top 

of the  Outer Barrel Drive Gear by a r e t a in ing  ring. Spring 2 surrounds 

i 
! 
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the  D r i l l  Stem between a pocket i n  t he  Outer Barrel  Drive Gear and a Journal  

Thrust  Bearing, which s e a t s  on a shoulder on the  D r i l l  Stem. 

allows ro t a t ion  the  Outer Barrel r e l a t i v e  t o  the  D r i l l  Stem without 

appreciably increasing t h e  torsional load on Spring 2. 

This bearing 

2.1.6 Rotary Valve Assembly 

The Rotary Valves a r e  shown i n  Figure 3 i n  t h e  closed pos i t ion .  The Valves 

1 . .  . TnCmle4 5: f'z1.<2 uvvJ Dm.4.- - - L t - L  w.ll+.(a is s~reved oilto the Valve S i e m .  wrch the  

B i t  disconnected from the  D r i l l  Stem, the  Valve Stem threaded connection is  

exposed and may be e a s i l y  made up or disconnected. 

through the  D r i l l  Stem and emerges from the  top  of Swivel 2 (see Figure 2 ) .  

The Valve Stem Drive Gear i s  aff ixed t o  a shoulder on the  Valve Stem. Spring 

1, which appl ies  a constant  downward force t o  the  Valve Stem i n  order  t o  keep 

the  Rotary Valves seated i n  the  B i t ,  is mounted between the  Valve Stem Drive 

Gear and Bearing 2. The Valve Stem terminates i n  the  r o t a t a b l e  por t ion  of 

Swivel 1. The Valve Stem Drive Pinion is  mounted on the Output Shaf t  of 

t he  Clutch-Brake Coupling, which is a modified vers ion  of t h e  Model PCBF 

made by Guidance Controls Corporation. A s i z e  20 Clutch-Brake is  shown 

i n  Figure 2. When t h i s  Coupling i s  de-energized, the  Input Coupling i s  

coupled to t he  Output Sha f t ;  when energized, t he  Input Coupling is f r e e  and 

The Valve Stem extends 

t h e  Output Shaf t  is braked t o  the housing. The Input Coupling connects t he  

Clutch-Brake Coupling and t h e  output s h a f t  of Motor 2. 

Brake Coupling de-energized, the  Valve Stem and D r i l l  Stem are both connected 

t o  the  output of Motor 2 and t h e i r  r e l a t i v e  pos i t i on  remains the  s a m e  as 

they are ro ta ted .  When the  Clutch-Brake Coupling is  energized, the  Output 

Shaf t  is braked thereby holding the  Valve Stem s t a t iona ry  while t he  D r i l l  

Stem continues t o  r o t a t e .  The modification t o  the  off- the-shelf  Clutch- 

With the  Clutch- 
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Brake, shown i n  Sect ion C-C of Figure 2 ,  is necessary t o  l i m i t  t he  r o t a t i o n  

of t h e  D r i l l  Stem r e l a t i v e  t o  the  Valve Stem t o  90 degrees. 

r o t a t i o n  of 90 degrees,  t h e  Pin and the  S l o t  cause t h e  brake t o  s l i p ,  and 

the  Valve Stem and D r i l l  Stem again remain s t a t iona ry  r e l a t i v e  t o  each 

o ther .  

A f t e r  a r e l a t i v e  

The Clutch-Brake Coupling may then be de-energized. 

2.1.7 Gas Circula t ion  System 

--- *LA L - . . - J L , . - d  - - d e 3  ^^^ -.... L, , . - . -dl:-A CI, .. ..-Arr;rllr. n . , " : l " I . l ~  
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pressurized cy l inder  cormnonly used i n  i n e r t  gas shielded welding operat ions.  

A flow cont ro l  valve mounted on the  cy l inder  i s  used t o  set the  des i red  

gas flow; a Solenoid Valve is used to remotely turn  the  gas flow on or of f .  

These components are not shown i n  Figure 1; a l l  o the r  parts of t he  

t i o n  system are shown. 

F l e x i b l e  Hose t o  Swivel 2. The Swivel 2 shown i n  Figure 2 is a concept 

based on t he  general  design of a ba l l  bear ing swivel made by t h e  Chicksan 

Company. The Deublin Company i n  Northbrook, I l l i n o i s  makes such a swivel 

with two gas passages,  but f u r t h e r  inves t iga t ion  w i l l  be necessary t o  

determine whether the  co r rec t  s i z e  swivel is ava i l ab le  off t h e  she l f .  From 

Swivel 2 the  gas flows down the  annulus between the  D r i l l  Stem and the  

Valve Stem. 

i s  indicated i n  Figure 3. The gas and sample come up through the  Valve 

Stem, Swivel 1, and another F lex ib le  Hose t o  t h e  Cyclone Separator ,  where 

the  sample is separated from t he  gas. The sample f a l l s  from t he  Cyclone 

Separator  i n t o  a sample t r a y  which is  not shown. Swivel 1 as  shown is a 

concept based on the l a r g e r  swivels manufactured by Chicksan. 

c i r cu la -  

From the  Solenoid Valve the  gas goes through a 

Its path through t h e  B i t  Body, where the sample is picked up, 

2.1.8 Controls 

A schematic diagram showing the  wirfng and components necessary for remote 
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operat ion of t he  GSATD is shown i n  Figure 4. 

110 v o l t  A.C. Switch 1, with its p i l o t  l i g h t ,  is the  master on-off switch. 

Switches 2 through 6 provide on-off c a p a b i l i t i e s  f o r  the  var ious c i r c u i t s ;  

when the  "3" por t ion  a c t i v a t e s  a p a r t i c u l a r  c i r c u i t ,  t h e  "A" por t ion  

a c t i v a t e s  a p i l o t  l i g h t  operat ing on t he  constant  110 v o l t s  of t h e  primary 

source. The Solenoid Valve is connected d i r e c t l y  t o  t h e  l l O V  A.C. supply. 

A Variac (Tl), a llOV-24V transformer (T3), and a f u l l  wave r e c t i f i e r  (S l )  

The primary power supply is 

convert the 110'4 A.C. t c r  variable 2. C. - puwcL A. .- - for X~tor L. The circuit 

f o r  Motor 4 is similar t o  t h a t  of Motor 1 i n  tha t  a Variac (T2), t rans-  

former (T4), and a f u l l  wave r e c t i f i e r  (D2) are used. 

t he  c a p a b i l i t y  of revers ing the  d i r ec t ion  of r o t a t i o n  of Motor 4 while 

Switch 8 i s  the  Force Control Switch shown mounted on the  Base i n  Figure 1. 

This switch is manufactured by W. C. Dillon and Company; a f l e x i b l e  beam 

and a micro-switch provide an  on-off fo rce  con t ro l  t o  operate  Motor 4. 

This switch w i l l  have t o  be ca l ibra ted  by using a load c e l l  under the  

B i t  before  t e s t i n g  begins. I n  operation it w i l l  al low Motor 4 t o  apply 

a constant  (within one o r  two pounds) normal load on the  B i t .  Switch 7 

i s  provided t o  a l low operat ion of Motor 4 e i t h e r  by Switch 8 o r  manually; 

p i l o t  l i g h t s  are provided both for manual o r  automatic operation. 

Switch 12 provides 

A regulated D.C. power supply (0-30V, 1%) operates  on t he  1 l O V A . C .  and 

provides power f o r  the  Clutch-Brake Coupling and Motors 2 and 3. In  t h e  

operat ion of the  D i f f e r e n t i a l  Screw, it is necessary t h a t  Motors 2 and 3 be  

synchronized p a r t  of t he  time and run with a constant  speed d i f f e rence  p a r t  

of t h e  t i m e .  A Signal  Generator and Trans la tor  allow each of these  motors t o  be 

run synchronously with an A-C s ignal .  The Translator-Motor combination is 

2- 6 4 



I 
l lGV AC I 

CONTROL SCHEMATIC 

FIGURE 4 

RESEARCH DEPARTMENT 

S5300034 



ava i l ab le  from Globe Indus t r ies  f o r  any of t h e i r  permanent magnet motors. 

Switch 9 allows both Motor 2 and Motor 3 t o  be run synchronously with 

separate AC s igna ls .  

t i o n  of Motor 2 and Motor 3 respectively t o  be reversed. 

p i l o t  l i g h t s ,  and va r i ab le  cont ro ls  w i l l  be mounted on a cont ro l  panel 

so that all functions of the GSATD Breadboard Model may be cont ro l led  from 

the  panel, 

Switch 10 and Switch 11 allow t h e  d i r e c t i o n  of rota-  

All switches,  

2.2 OPERATION 

Before a test  on a p a r t i c u l a r  overburden-rock model begins,  t he  Force Control 

Switch should be ca l ib ra t ed  with a load cell t o  give the  des i red  normal force  

on t h e  b i t .  The flow con t ro l  valve on t h e  pressurized gas cy l inder  should be 

set to give t h e  desired f l o w  through t h e  gas c i r c u l a t i o n  system, 

the  equipment necessary to  monitor motor power, r p m ,  etc, is not shown i n  

Figure 4,  these va r i ab le s  should be recorded during a test. The model t o  

be d r i l l e d  w i l l  cons i s t  of a rock of t h e  desired type cemented i n  the  bottom 

of a Cylindrical  Tube and covered w i t h  overburden of the des i red  type as 

shown i n  Figure 1. If necessary t h e  model can be clamped t o  the  Support 

Tube €or  s t a b i l i t y .  

Although 

2.2.1 D r i l l i n g  Through Overburden 

Switch 9 i s  placed i n  t h e  pos i t ion  shown i n  Figure 4 so that Motor 2 and 

Motor 3 run synchronously with the same signal. Switches 2 and 3 are 

opened, and Switches 10, 11, and 12 are used t o  give the  des i red  d i r e c t i o n  

of r o t a t i o n  of t he  motors. Motors 2 ,  3,  and 4 a r e  then energized feeding 

the  e n t i r e  mechanism down i n t o  the overburden and r o t a t i n g  the  D r i l l  Stem 
l 

and Outer Barrel i n  the  same direct ion.  Since Motor 2 and Motor 3 are 

synchronized the re  is no vertical movement of t he  D r i l l  Stem with respect 
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t o  t he  Outer Barrel, and they advance as a s i n g l e  uni t .  

i s  cohesive and percussion i s  desired,  Motor 1 is energized. 

energy is  applied t o  the  D r i l l  Stem and, through the  Di f f e ren t i a l  Screw 

threads,  t o  t h e  Outer Barrel. Thus i n  e i t h e r  t he  ro ta ry  or the  rotary- 

percussion d r i l l i n g  mode ,  the  B i t  and the Carbides on t he  Outer Barrel 

advance as a single unit w i t h  the s p i r a l  groove on the  Outer Barrel O.D. 

t ranspor t ing  chips  away from t h e  d r i l l i n g  face. 

I f  t he  overburden 

Percussive 

2.2.2 Sampling Overburden 

When a sample of overburden is des i red ,  Switch 3 is closed,  energizing the  

Clutch-Brake Coupling and stopping the  ro t a t ion  of t he  Valve Stem. 

Valve Stem begins t o  r o t a t e  again,  Switch 3 may be opened and the  Valve 

Stem and D r i l l  Stem w i l l  remain s ta t ionary  with respect  t o  each other.  

As t h e  B i t  continues i ts  advance in to  t h e  overburden, dus t  o r  ch ips ,  as the  

case may be, w i l l  be forced through t h e  Ports  i n t o  the  B i t .  

sample has entered the  B i t  a l l  motors are stopped. 

Motors 2 and 3 are reversed and used t o  c lose  t h e  valves i n  t h e  B i t .  Both 

motors are used so there  w i l l  be no vertical movement of the D r i l l  Stem 

with respec t  t o  t h e  Outer Barrel. 

Valve releasing gas which t ranspor t s  t he  sample from the  B i t  t o  t he  

Sample Tray. Switch 2 is opened, the f i l l e d  Sample Tray is removed, and 

Switch 2 is again closed allowing gas t o  flow through t h e  system purging 

it of any r e s idua l  overburden sample. 

ing continues. 

When the 

When s u f f i c i e n t  

Switch 3 i s  closed,  

Switch 2 is used t o  operate  the  Solenoid 

Switch 2 i s  then opened and d r i l l -  

I f  t h e  overburden is  under-dense, it w i l l  tend t o  m o v e  away from the  B i t  

r a t h e r  than be forced i n t o  the  Ports as the  B i t  advances. I n  t h i s  case 
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Xotors 2 and 3 are connected t o  t h e i r  am individual  Signal  Generator by 

means of Switch 9. 

energized t h e  B i t  is r e t r ac t ed  inside the Outer Barrel by means of the 

D i f f e r e n t i a l  Screw. 

are again switched t o  t h e  same Signal Generator and the  D r i l l  Stem and Outer 

Barrel  ro ta ted  8s a uni t .  

under-dense Overburden, a s lug  or core of overburden f s  contained within 

t h e  Outer Barrei. The overburdez prticles are res t rFc ted  i n  a radial  

d i r e c t i o n  and the  p o s s i b i l i t y  of acquis i t ion  of a sample by the  Bit is 

enhanced. 

Stern is completely disconnected from the  Outer Barrel .  

not pass through t h e  hole  i n  the  lower Framework; therefore ,  t h e  downward 

movement of the Outer Barrel with respect t o  the  Drill Stem is  constrained. 

Motor 3 is then reversed from its normal d r i l l i n g  d i r e c t i o n  of r o t a t i o n  

and energized. 

s p i r a l  growe causes the Outer Barrel  t o  act as a screw conveyor, pumping 

overburden down t o  the  base of the core of overburden ins ide  the  Outer 

Barrel .  

thereby increasing t h e  p o s s i b i l i t y  of acqu i s i t i on  of a sample by the  B i t .  

Once the  sample is acquired, t h e  Rotary Valves are closed and t h e  sample 

t ransported by the gas as previously described. 

Switches l0.and 11 are set so t h a t  when t h e  motors are 

When the  B i t  i s  r e t r ac t ed  f a r  enough, Motors 2 and 3 

Then as Hotor 4 advances the mechanism i n t o  t h e  

The B i t  may be re t rac ted  ins ide  the  Outer Barrel  u n t i l  t h e  D r i l l  

The Caver P l a t e  w i l l  

As Motor 4 advances the  mechanism i n t o  the  overburden, t h e  

The "pressure" a t  t h e  b o t t m  of t h i s  core  is thus increased 

2.2.3 D r i l l i n g  Through Rock 

If during overburden sampling the B i t  has not been r e t r ac t ed  in s ide  the  

Outer Barrel, d r i l l i n g  through the overburden-rock i n t e r f a c e  w i l l  be no 

d i f f e r e n t  from d r i l l i n g  through the overburden. 

Barrel will act as a s i n g l e  u n i t  i n  e i t h e r  the ro t a ry  or rotary-percussion 

The B i t  and t h e  Outer 
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d r i l l i n g  mode. 

xotors  2 and 3 operate the  Di f f e ren t i a l  Screw t o  br ing t h e  mechanism back 

ta its oriGinnl configurat ion s h m  i n  Figure 2, 

r e t r ac t ed  ins ide  the  Outer Barrel enough t o  disconnect t he  Outer Barrel 

from the  D r i l l  Stem the  procedure is s l i g h t l y  d i f f e ren t .  The mechanism 

is advanced to  t h e  overburden-rock interface in the disconnected configuration, 

Pu r thc r  daia iard  pressure suppiied by Motor 4 moves the  D r i l l  Stem down t o  

engage the  threads of the Dfffere~tia? SCiev i.ihile t i r e  downward motion of 

the  O u t e r  Barrel is  r e s i s t ed  by the rock. Motors 2 and 3 a r e  then used t o  

If the  B i t  has been retracted inside the Outer Barrel, 

If t h e  B i t  has been 

r o t a t e  tne D r i l l  Stern and Outer Barrel so as t o  achieve the  original con- 

f igu ra t ion  shown i n  Figure 2. 

Signal  Generator and synchronized; the B i t  and Outer Barrel d r i l l  into the 

rock as a single uni t .  

Motors 2 and 3 are then switched t o  t h e  same 

2.2.4 Sampling Rock 

When the  Outer Barrel  has entered the  rock t o  a shallow depth around i t s  

e n t i r e  circumference, Motor 3 is switched t o  i t s  own Signal Generator, and 

the  Outer Barrel is ro ta ted  i n  t h e  same d i r e c t i o n  as, but several r p m  slower 

than, t he  D r i l l  Stem. 

means of t h e  D i f f e r e n t i a l  Screw. 

t h e  e n t i r e  mechanism m y  be stopped, ra i sed  off bottom, and the  last few 

threads disengaged. 

due t o  the  percussion. 

t h e  Outer Barrel back t o  i t s  s e a t  i n  t he  rock.  

a r e  energized, ro ta ry  percussion ac t ion  and normal load are appl ied only 

t o  t he  D r i l l  Stem. 

s t a t iona ry  and Spring 2 is compressed, thereby holding t h e  Outer Barrel 

This advances t h e  B i t  ahead of t he  Outer Barrel by 

When only a few threads are s t i l l  engaged 

This is to prevent shear ing o r  deforming t h e  threads 

The B i t  is again lowered t o  Bottom; Spring 2 pushes 

When Motors 2, 3,  and 4 

As t h e  D r i l l  S t e m  moves down, the Outer Barrel remains 
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down against the rock. 

The spiral groove on the Outer Barrel  O.D. again causes a screw conveyor 

Motor 3 may still be used t o  r o t a t e  t h e  Outer Barrel. 

action, pumping rock chips  and overburden p a r t i c l e s  up away from t h e  B i t .  

The B i t  is now e f f e c t i v e l y  d r i l l i n g  t h e  rock through an outer  casing seated 

i n  the rock with a screw conveyor pumping any s t r a y  overburden particles 

away from the bottom of t h e  casing. 

rock sannpie acquired,  the  iiotary vaives closed,  anri r;he rock sampie trans- 

ported t o  the Sample Tray by t h e  gas as described above in Sect ion 2.2.2. 

The Rotary Valves are then opened, t he  
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Section 3 

A L T E W T E  CONCEPT DESIGNS 

3.1 PLUG VALVE CONCEPT 

3.1.1 Descr ipt ion 

The  concept shown i n  Figures 5 and 6 is  e s s e n t i a l l y  the  same a s  the  prefer red  

roiicapt except t k t  a P l u g  ‘:a:ve, iYi2tir tha,-, c Zotary *&i:-iie, is used L i l  Chi2 

B i t .  The Outer Barrel  and i t s  d r ive  system, t h e  D r i l l  Stem, and the  Differen- 

t i a l  Screw of Figure 5 are t h e  same as i n  Figure 2. D r i l l  Stem r o t a t i o n  

and percussion are achieved with a mechanism which i s  d i f f e r e n t  from the  

JPL impactor. Motor 2, geared t o  the D r i l l  Stem, suppl ies  t he  ro ta ry  

motion. Motor 1 r o t a t e s  t h e  Rollers over t he  face  of t h e  Cam through t h e  

Percussion Drive Gear and t h e  Drive Tube. The Cam raises t h e  Hammer cm- 

press ing  Spring 2 ,  and then allows t h e  Hammer t o  impact on the  Anvil a t tached 

t o  t h e  D r i l l  Stem. 

shown; however, it would be t he  same as t h a t  shown i n  Figure 1 and descr ibed 

i n  Sec t ion  2.1.1. The downward force developed by the  r o t a t i o n  of the  Nut 

on t h e  Lead Screw is  t ransmit ted through the  Percussor Housing and t h e  

Plain Thrust  Bearing t o  the D r i l l  Stem. 

Percussor i s  the  same as that  of Figure 2 except f o r  t h e  addi t ion  of an 

Alignment Groove i n  the  top of t h e  D r i l l  ’Stem. 

The s t r u c t u r e  which supports a l l  t h i s  mechanism is  not 

The Swivel which i s  mounted above t h e  

The B i t  of Figure 6 has a configurat ion designed t o  ge t  t h e  Por t s  c l o s e r  t o  

t h e  leading point  of t h e  B i t  than is poss ib le  i n  the  B i t  of Figure 3. 

c ross -sec t ion  of the  carbide as  shown i n  Sect ion A-A is chevron-shaped. 

Again, grooves are provided i n  t he  Carbide so that i n  case one P o r t  should 

The 
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become plugged, the  rock chips  would have access t o  t h e  o the r  Port. A Rib 

extends across  t h e  B i t  t o  provide back-up of t he  Carbide, The Ports  are 

located i n  t h e  f l a t  bottom of t h e  B i t  Body, one on each s i d e  of t he  Rib. 

Since t h e  B i t  geometry i s  complicated, it may be easier and m o r e  d e s i r a b l e  

from t h e  standpoint of breakage t o  make t h e  e n t i r e  B i t  body and c u t t i n g  

blade of s i n t e r e d  Tungsten CarbLde using an isostatic press.  Such a 

dec i s i cn  requires further decail desigr. and evaluztion. 

Elastomeric Plug Valves are attached t o  the  bottom of t h e  Valve Stem which 

is  in s ide  the  D r i l l  Stem. I n  Figure 6 t h e  Valve Stem is  shown i n  i t s  
8 

r a i s e d  posi t ion;  when it i s  lowered, t h e  conical  port ion of t h e  Plug Valves 

pushes chips  t o  one s i d e  and seats i n  the  Ports.  The elastomeric p rope r t i e s  

of t h e  Plug Valves insure a seal even though chips  may be trapped between 

t h e  s i d e s  of the Por t  and t h e  Plug Valve. 

The Valve Stem is provided with a S t a b i l i z e r  a t  i t s  bottom end and with t w o  

Alignment Lugs mating with t h e  Alignment Groove i n  t h e  top  of t h e  D r i l l  

Stem, as shown i n  Figure 5. Above the  Swivel, a Solenoid Plunger is 

a t tached t o  the  Valve Stem. The Solenoid i t s e l f  i s  a l a t ch ing  solenoid,  

defined on page 19 of Electroid Corporation Catalog 101s as ' I .  . . b a s i c a l l y  

a two c o i l  l a t ch ing  unlatching mechanism. . . . It  has a mechanical locking 

arrangement which holds t h e  solenoid i n  t h e  r e t r a c t e d  posi t ion.  

disconnects t h e  p u l l  c o i l  immediately a f t e r  locking and connects a release 

A switch 

c o i l .  

would have t o  be custom b u i l t .  Spring 1 is shown above t h e  Solenoid, but 

A sepa ra t e  switch i s  used t o  release it". This is not a s tock  i t e m  and 

i t  could be incorporated i n t o  the Solenoid housing. 
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The gas c i r c u l a t i o n  system f o r  t ranspor t ing  the  sample from the  B i t  t o  

the  Sample Tray i s  t h e  same as i n  Figure 2. 

3.1.2 Operation 

The operat ion of t h i s  system is acquiring and t ranspor t ing  samples i s  the  

same as described i n  Sect ion 2.2 except f o r  the operat ion of t he  Valves. 

With the  Solenoid de-energized and unlatched, Spring 1 forces  t h e  Valve 

stem, ~QF- S Q  +_h_z+ the_ are gpalprl: When R sam?le is desired, the  Pu l l  

C o i l  of the  Solenoid is  energized and the Valve Stem rises t o  t h e  pos i t ion  

shown i n  Figure 5, where it is mechanically latched i n  place. No f u r t h e r  

electrical power is necessary t o  keep the  Por t s  open while the  sample is 

being acquired i n  t h e  B i t .  To c lose  the  Valves p r i o r  t o  t ranspor t ing  the 

sample, t h e  Release C o i l  of t he  Solenoid is  ac t iva t ed  and Spring 1 pushes 

t h e  Valve S t e m  down. The Alignment Lugs and Growes insure  that t h e  

Plug Valves re -en ter  the  Ports i n  the  c o r r e c t  pos i t ion .  

3.1.3 Limitat ions 

Rubble may be trapped between the  Port  and the  Plug Valve as t h e  Plug 

Valve comes down t o  s ea t .  If a large p iece  of rubble  i s  trapped the  

elastomeric proper t ies  of the  Plug Valve may not be such t h a t  t he  rubble 

is completely enveloped. If so, then the re  i s  a l o s t  c i r c u l a t i o n  problem. 

Also, as t h e  Plug Valve comes down, it of necessi ty  pushes some of t h e  

acquired sample back through the  Port. 

Valve concept is prefer red  over the Plug Valve concept. 

%ie 

For these  reasons,  t h e  Rotary 

3.2  HTC OVERBURDEN BASKET CONCEPT 

3.2.1 Descript ion 

The mechanism shown i n  Figure 7 is a HTC development of t h e  basket concept 
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advanced i n  Foster-Mil ler ' s  second monthly repor t  (see Figure A-2, page 

A.1.16 of Appendix A). The Rotary Valve B i t  i s  t h e  B i t  of Figure 3. The 

Basket is a s h o r t  d i s t ance  above the B i t  and i s  an i n t e g r a l  p a r t  of t he  

D r i l l  Stem.  

Basket and t h e  B i t  have a S p i r a l  Groove on the  ou te r  surface.  

Carbides will c u t  c learance for the  Basket i f  t h e  overburden should be 

cehesive. 

described i n  Sect ion 3.1.1, except t h a t  Motor 2 ,  which rotates tkp_ D r i l l  

Stem, has been moved t o  the  top of t h e  Percussor. With Motor 2 i n  t h i s  

pos i t ion ,  the  Clutch-Brake Coupling is at tached d i r e c t l y  t o  the  output 

sha f t .  The rest of the  d r i v e  t r a i n  t o  operate  the  Rotary Valve is the  

s a m e  as shown i n  F i g u r e  2 and described i n  Sect ion 2.1.6. 

mechanism described above is mounted i n  a movable framework which is 

supported by the s t a t iona ry  main s t ruc tu re ,  one of whose members is a 

lead screw, as shown i n  Figure 1 and described i n  Sec t ion  2.1.1. Neither 

the  movable nor the  s t a t iona ry  framework is  shown i n  Figure 7. 

i s  held by a clamp on the  Support Tube and does not move v e r t i c a l l y .  

O-ring provides a s e a l  between t h e  Cap and t h e  D r i l l  Stem,and t h e  

Elastomeric Washer provides a s e a l  between t h e  Cap and t h e  top edge of 

t h e  Basket. 

Both t h e  Basket and the por t ion  of D r i l l  Stem between t h e  

The Basket 

The Pp,rcussor shorn is the  same m e  shown i n  Figure 5 and 

A l l  t he  

The Cap 

An 

3.2.2 Operation 

The mechanism is  deployed t o  the  posi t ion shown with the  Rotary Valves i n  

the  closed pos i t ion .  

through the  overburden. As the  Basket goes through t h e  overburden, 

material flows up the  S p i r a l  Groove, over t he  l i p  a t  t h e  top of t he  

Basket, and f a l l s  i n t o  the Basket. 

The appropriate  motors are then energized t o  d r i l l  

A f t e r  t h e  B i t  has passed the  overburden 
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rock i n t e r f a c e  and acqu i s i t i on  of only rock chips  i s  expected, tne  Rotary 

Valves a r e  opened as described i n  Section 2.1.6. D r i l l i n g  continues u n t i l  

enough sample is  acquired within the B i t ;  t h e  Rotary Valves a r e  then 

closed and the  mechanism withdrawn from t h e  hole. The D r i l l  Stem is 

moved v e r t i c a l l y  u n t i l  t he  top  of the  Basket s e a t s  i n  t h e  Elastmeric 

Washer. Gas is then admitted through t h e  Cap to the  Basket i n t e r i o r ;  

t h e  overburden sample is picked up by t h e  gas ,  ca r r i ed  eo a Cyclone 

Separator ,  and deposited oii a %iiq?e Trzy. 

a t r a y  must  be posit ioned under the  b i t ,  t he  Rotary Valves opened, and 

Motor 1 energized, i f  necessary,  t o  v i b r a t e  the  sample out of the  B i t .  

Although it is  not intended t h a t  the Basket Carbides do any d r i l l i n g  

i n  t h e  rock (see  "Sampling Position", Figure 7 ) ,  i f  t he  overburden is a 

t h i n  l aye r ,  t he  Basket may be d r i l l e d  down i n t o  the  rock f a r  enough t o  

al low overburden t o  f a l l  i n t o  it. 

TQ cnllect the rock sample, 

3.2.3 Limitat ions 

Although the  "Basket" idea appears t o  be a very s i m p l e  way of ge t t i ng  a 

sample from a deep l aye r  of overburden, d i f f i c u l t i e s  a r i s e  i n  design of a 

complete mechanism. 

is eliminated by using the  "Basket" idea ,  but another  gas c i r c u l a t i o n  

system (as  shown i n  Figure 7)  must be used or t h e  e n t i r e  mechanism must 

be turned over and shaken i n  order  t o  ge t  t h e  overburden sample i n t o  a 

sample t ray .  

t i o n  t o  t r a n s f e r  overburden samples from t h e  Basket, o r  f o r  t h a t  matter, 

rock samples from t h e  B i t  i n t e r i o r ,  because of t he  p o s s i b i l i t y  of vacuum 

The gas c i r cu la t ion  system of the  prefer red  concept 

It is not des i r ab le  t o  depend on lunar  grav i ty  and vibra-  

welding. 

a se lec ted  gas atmosphere immediately upon acqu i s i t i on  thereby e l imina t ing  

I n  t h e  prefer red  concept, sample p a r t i c l e s  are surrounded by 
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t h i s  object ion.  

contamination by overburden is grea te r  i n  t h i s  case than i n  the  prefer red  

concept, and acqu i s i t i on  of under-dense overburden is more doubtful.  

Another l imi t a t ion  is t h a t  t h e  poss ib i l i ty  of rock sm?le 

3.3 FOSTER-HILLER RECOivIMENDED COKCEPTS 

The concepts discussed b r i e f l y  i n  t h i s  sub-section w e r e  recommended i n  

Progress Report 8 3  from Foster-Miller.  

t a i n s  an evol--tls:: e5 their various concepts and t h e  reasons for t h e i r  

recommendations, The following paragraphs inc iuae  a fiirttier e v a l w t i o n  

of these  conceprs based on discussions which occurred during the  prelimin- 

ary and f i n a l  design review. 

This repor t  (see Appendix A) con- 

3.3.1 Continuous Gas Transport  

Concept FH-4 is shown i n  Figure 8. 

concept discussed i n  Sec t ion  2. a p o s i t i v e  

overburden seal is provided, and the  c i r c u l a t i o n  system is not closed. 

The cam-operated seal w i l l  help prevent contamination of the  rock sainple; 

however, the  l ack  of a closed gas c i r c u l a t i o n  system is  enough to suspend 

development of t h i s  concept. Fissured rock would r e s u l t  i n  lost c i r cu la -  

t i o n  and prevent any sample from reaching the  Cyclone Separator.  

S imi l a r ly ,  i n  a permeable overburden, c i r c u l a t i o n  would be lost  and no 

sample could be retr ieved.  In under-dense , non-cohes ive overburden it 

appears extremely doubtful  that any sample would nego t i a t e  the por t  

passages i n t o  the  i n t e r i o r  of the b i t ,  p a r t i c u l a r l y  wi th  continuous gas 

flow. 

In  p r i n c i p l e ,  it is t h e  same as the  

The only d i f f e rences  are: 

3.3.2 Batch Col lec tor  

Concept FM-9 is shown i n  Figure 9. Here a r o t a t i n g  auger i s  used t o  

3-6 
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acqui re  and t r anspor t  the  overburden sample, and a Rock Sample Chamber 

similar t o  the  Basket of F i g u r e  7 is used f o r  the  rock sample. A cam-  

operated gasket provides a pos i t i ve  s e a l  between the  overburden and the  

p lace  where the  rock sample is acquired. 

acquired and t ransported s a t i s f a c t o r i l y  i n  t h i s  concept, d i f f i c u l t i e s  arise 

i n  t r ans fe r r ing  the sample to a tray for  ana lys i s .  

such as the Cap s h m  ir. Figure 7,  will 3e required to get  the sample 

from the  Rock Sample Chamber t o  the Sample Tray; the configuration of 

Figure 9 makes the  use of such a device very d i f f i c u l t .  

no f u r t h e r  development was done on the  rock sampling aspects  of Concept 

FM-9. 

auger  f o r  sampling; thus no fu r the r  development was done on the  over- 

burden sampling aspec ts  of Concept FM-9. 

Although the rock sample is 

Same o the r  device,  

I 

For t h i s  reason 

JPL is  cu r ren t ly  inves t iga t ing  t h e  use of a screw conveyor o r  

3-7 



Section 4 

C ONC LUS ION 

A large number of concepts were proposed. Concept generation was broad 

in scope with no constraints being placed on method other than possible 

ultimate weight, space, power, and task requirements. 

of each concept was evaiuated, both ind'ividua~ly aiid in possible  c m -  

biaatien bdth Qthers. 

A s i n g l e  sampling concept was selected as being the most feasible approach 

by HTC and JPL engineers. 

design of a breadboard model Geologic Sample Acquisition and Transport 

Device. 

1 

The feasibility 

This concept was developed into a preliminary 

The selection of the preferred concept was based on engineering judgment, 

experience, and study of the state-of-the-art in related fields. 

feasibility can be determined only by detailed design, fabrication, and 

testing . 

Actual 



APPENDIX A 

FOSTER-MILLER CONCEPTS AND REPORTS 

A.1 - Progress Report 82 of 9 July 1965. Concepts A - l  
through A-22. 

A.2 - r r u l i a S P J  ------- Report f3 of 17 Aiigwt 1355. &iieepte 
M - 1  through FM-9 (Further Developments of Best 
Concepts by FM) . 

Note: Progress Report #l is not included inasmuch as 
work done in this period was fully reported in 
Report8 62 and #3. 





a s k  tasks &ze defined as follows; 

- Gainsstg access to the rock is the process of staking tha +- 

* -  

Task 4 -Transport is deffned 88 cmveybg the p d r t i c h  Fraa 

The Numbers appearing under certain "8Xocks" in Cha 
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concepts t o  accmpl i sh  t h e  mission, provided t h a t  serious d e f i c i e w i e s  do 

not  r e s u l t  from combining incompatible methods t o  form t h e  complete system. 

Se lec t ion  of the  !dost Promisinq Methods t o  14.1 
Gain Access t o  t h e  Rock Layer (Task 1) 

For convenience, methods t o  accomplish t h i s  t a s k  are 

i d e n t i f i e d  on C l a s s i f i c a t i o n  Chart N u m b e r  2 by the c i r c l e d  numbers 

appearing above t h e  "Blocksn. - 
The d i spos i t i on  of t hese  methods is shown i n  Table I. 

Those concepts which involve removal of t h e  overburden 

continuously during penetrat ion and t h o s e  devices which "pass through" 

t h e  overburden a r e  considered the  most promising methods t o  gain access 

t o  t h e  rock interface.  

1.42 Se lec t ion  of t h e  h?ost Promisinq Methods t o  
Acquire Rock P a r t i c l e s  f o r  Sanplinq (Task 3) 

Here again the c i r c l ed  numbers appearing above t h e  "Blocks" 

on Chart Number 3 serve t o  iden t i fy  t h e  methods t o  accomplish t h i s  task. 

The d i spos i t i on  of t hese  methods i s  shorm i n  Table 11. 

As shown i n  Table 11, gas scavenging je ts ,  p a r t i c l e  flow 

due t o  d r i l l  impact, and t h e  g rav i ty  concept a r e  considered the'rnost 

promising p a r t i c l e  acqu i s i t i on  methods. 

1.4.3 Se lec t ion  of t h e  Most Pronisinq Methods t o  

TransDort P a r t i c l e s  t o  t h e  Surface (Task 4 )  

Table 111 descr ibes  t h e  d i spos i t i on  of t h e  va r ious  methods 

t o  t r a n s p o r t  p a r t i c l e s  shown on Chart Number 4 .  

A.1 .7  
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As shown i n  Table 111, continuous k i n e t i c  energy t r a n s f e r ,  

i n t e r m i t t e n t  and continuous gas  t ransport ,  and batch type mechanical 

enveloping (or l i f t i n g  bucket) methods a r e  considered t h e  most promising 

p a r t i c l e  t r a n s p o r t  methods. 

1.4.4 C h a r a c t e r i s t i c s  of t h e  Most Promisins ConceDts 

I n  t h e  previous three sec t ions  the most promising methods 

t o  accomplish each basic t a s k  were selected,  Those concepts which u t i l i z e  

AI. - 
Lllese pmr'erred jiiethods t o  azeemp?ish er;ch t a s k  &Are ccnsidered tc! offer 

t h e  most potent ia l .  Table IV l i s t s  t hese  concepts and shows t h e  p re fe r r ed  

method by which each t a s k  is accomplished. 

I n  general  t h e  most promising concepts u t i l i z e  compatible 

methods t o  accomplish t h e  tasks. Thus those concepts using a continuous 

(gas or  k i n e t i c  energy t r a n s f e r )  t r anspor t  method use the continuous 

overburden removal method t o  gain access t o  t h e  rock. Likewise t h e  

concepts using a batch t r anspor t  method a r e  compatible with the "passing 

through" method of gaining access t o  t h e  rock. 

acqu i s i t i on  method use gas t r anspor t  t o  convey t h e  sample t o  t h e  surface, 

Th i s  i s  not surpr is ing s ince  i n  the conceptual process t h e  engineer t ends  

t o  combine conpatible processes and r e j e c t  incompatible combinations, 

Systems using t h e  gas 

1.5 Tentat ive Conclusions 

1.5.1 Foster-Miller Associates i s  continuing on t h e  assumptions 

t h a t :  (a) t h e  r o t a r y  impact d r i l l  w i l l  be used i n  the mission; (b) 

fragmented rock w i l l  "flow" up holes o r  f l u t e s  i n  t h e  d r i l l  b i t  a s  t h e  

drill impacts1 (c)  

overburden as well as hard rock. 

t h e  d r i l l  w i l l  pene t r a t e  consolidated and unconsolidated 

A . 1 . 1 1  
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L 

1.5.2 The concepts l i s t e d  i n  Table I V  appear t o  o f f e r  t h e  most 

p o t e n t i a l  of those generated by F o s t e H i l l e r  Associates. 

analysis i nd ica t e s  t h a t  some of them a r e  p a r t i c u l a r l y  a t t r a c t i v e .  because 

of t h e i r  simplicity,  small nunber of moving parts ,  low power consumption 

and p o t e n t i a l l y  low weight, 

Preliminary 

1.5.3 A more d e t a i l e d  d e f i n i t i o n  and evaluation of the remaining 

concepts is required t o  permit meaningful s e l ec t ion  of t h e  best few concepts* 

2. E f f o r t  Planned for t h e  Next  Rmortinci Period 

During t h e  next (and f i n a l )  report ing period t h e  remaining concepts 

w i l l  be invest igated i n  more d e t a i l  and modified as necessary, The best 

two or three concepts w i l l  be recommended for f u r t h e r  development, 

I n  addition, t h e  f i n a l  report  w i l l  be submitted. T h i s  report w i l l  

include ma te r i a l  from t h e  progress reports along wi th  a desc r ip t ion  of 

t h e  work accomplished during t h e  forthcoming r epor t ing  period. 

i 

A .1 .13  
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APPENDIX A . 2  

PROGRESS REPORT #3 

FOSTER-HIUER ASSOCIATES, INC. to 
HUGHES TOOL c m m  

17 AUGUST 1965 

D e s c r i p t i o n  o f  Work Performed D u r i n g  T h i s  P e r i o d  

1. Procrrara O u t l i n e  

Dur ing  t h i s  r e p o r t i n g  p e r i o d  t h e  f o l l o w i n g  work was 

performed t o  c o m p l e t e  ou r  program o b j e c t i v e s :  

8.  Ten c o n c e p t s  ( l i s t e d  i n  T a b l e  f V  o f  P r o g r e s s  R e p o r t  
No. 2 )  p r e v i o u s l y  c o n s i d e r e d  p r o m i s i n g ,  uerm r e v i e w e d  
and m o d i f i e d .  

b .  T h e s e  c o n c e p t s  were t h e n  c l a s s i f i e d  8nd compared 
w i t h  t h o s e  c o n s i d e r e d  most p r o m i s i n g  recommended 
f o r  deve lopmen t .  

c .  C o n c l u s i o n s  based  on t h e  work a c c o m p l i s h e d  by 
F o s t e r - M i l l e r  A s s o c i r t e s  t h r o u g h o u t  this p r o j e c t  
were s u e m r r i z c d .  

T h e  r e s u l t s  o f  t h i s  e f f o r t  a r e  p r e s e n t e d  in t h e  following 
s e c t i o n s .  

2 .  Review a n d  M o d i f i c a t i o n  o f  Promis inq C o n c e p t s  

A f t e r  r e c e i v i n g  t h e  r e s u l t s  of  t h e  J u l y  14, 1965 d e s i g n  
r e v i e w  conduc ted  a t  J e t  P r o p u l s i o n  L a b o r a t o r y ,  t h e  r e m a i n i n g  
c o n c e p t s  were r ev iewed .  Wherever possible ,  m o d i f i c r t i o n s  were 
e f f e c t e d  t o  c o r r e c t  c o n c e p t  weaknesses .  E f f o r t  w 8 8  c o n c e n t r r t e d  

A.2  -1- 



on improving  t h e  f o l l o w f n g  r r e o s t  

a .  S e a l i n g  o v e r b u r d e n  o u t  o f  t h e  rock  s a m p l i n g  r e g i o n  
t o  m i n i m i z e  c o n t a m i n a t i o n .  

b. P r o v i d i n g  f o r  o v e r b u r d e n  sampl ing  i n  t h o r o  c o n c e p t 8  
w h i c h  p r 8 v i o u r l y  l a c k e d  t h i s  f e a t u r e .  

c. Min imiz ing  t h e  p o s s i b i l i t y  of  samplo l o s s  t h r o u g h  
f i s s u r e s  by a c l o s i n g "  t h e  f l o w  p a t h  u t i l i z o d  i n  g a r  

. t r a n s p o r t  c o n c e p t s .  

d .  Lay ing  o u t  t h e  *downhole* equipment  r e q u i r e d  ( f o r  
e a c h  c o n c e p t )  f u l l  s c a l e  t o  d e m o n s t r a t e  f e r r i b i l i t y  
i n  h o l e s  no l a r g e r  t h a n  o n e  i n c h  d i r m e t o r .  

2 . 1  D e s c r i p t i o n  o f  t h e  Modi f i ed  C o n c e p t s  

The m o d i f i e d  v e r s i o n s  o f  t h e  r e t a i n e d  c o n c o p t s  a r e  
shown s c h e m a t i c a l l y  i n  F i g u r e s  1 t h r o u g h  9 of t h i s  r e p o r t .  
F o r  c o n v e n i e n c e  t h e y  a r e  a s s i g n e d  c o n c e p t  numbers FM-1 t h r o u g h  
FM-9 r e s p e c t i v e l y  . 

The e x p l r n r t o r y  n o t e s  a p p e a r i n g  on t h e s o  f i g u r e r ,  
and t h e  t r b u l a t i o n  o f  t a s k  accompl ishment  mothods a p p e a r i n g  
i n  t h e  f o l l o w i n g  s u b s e c t i o n  s e r v e  t o  d e s c r i b e  e a c h  c o n c e p t .  

2 . 2  C l a s s i f i c a t i o n  o f  C o n c e p t s  

C o n c e p t s  FM-A t h r o u g h  .FY-9 may be c l a s s i f i e d  
a c c o r d i n g  t o  t h e  method e a c h  employs t o  r c c o a p l i r h  mrjor 
m i s s i o n  t r r k s .  T h e s e  ma jo r  t a s k s  a r e  d e f i n e d  8s f o l l o w s t  

* 
T h i s  r e q u i r e d  t h a t  p a r t i c l e  a c q u i s i t i o n  ( a s  d e f i n e d  i n  
P r o g r e s s  Repor t  No. 2 )  be accompl i shed  by means o f  " p a r t i c l e  
f l o w " . i n d u c e d  by t h e  i m p a c t i n g  a c t i o n  o f  t h e  d r i l l ,  r n d  
r e p r e s e n t s  an  improvement o n l y  i f  t h e  r 8 l i r b i l i t y  o f  t h e  
p a r t i c i e  f l o w  p r O C O 8 S  i s  g r e a t o r  t h a n  t h o  p r o b a b i l i t y  o f  n o t  
r n c o u n t o r i n g  a f i s r u r o .  

A . 2  -2- 
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T a s k  1 - ACQUir fng  t h e  O v e r b u r d e n  S a m p l e  

T a s k  2 - T r a n s p o r t i n g  t h e  O v e r b u r d e n  S a m p l e  t o  
t h e  S u r f a c e  

T a s k  3 - G a i n i n g  A c c e s s  t o  t h e  Rock L a y e r  
( P e n e t r a t i n g  t h e  O v e r b u r d e n )  

Task 4 - F r a g m e n t i n g  o r  P e n e t r a t i n g  t h e  Rock L a y e r  

Task 2 - S e a l i n g  O v e r b u r d e n  O u t  o f  t h e  Rock S a m p l e  

T a s k  6 - A c q u i r i n g  t h e  Rock S a m p l e  

Task 7 - T r a n s p o r t i n g  t h e  Rock S a m p l e  t o  t h e  S u r f a c e  

Sose o f  these t a s k s  were d e f i n e d  i n  S e c t i o n  1 . 3  o f  

P r o g r e s s  R e p o r t  No. 2. The ::et - , r s s t n t e d  h e r e i n  is c o n s i d e r e d  

m o r e  c o m p l e t e  a n d  r e f l e c t s  p r o b l e m s  p o i n t e d  o u t  a t  t h e  J.P.L. 
d e s i g n  r e v i e w .  

T h e  c o n c e p t s  may be s e p a r a t e d  i n t o  two  m a j o r  g r o u p s ,  

t h o s e  w h i c h  t r a n s p o r t  r o c k  p a r t i c l e s  t o  t h e  s u r f a c e  i n  a c o n -  

t i n u o u s  p r o c e s s ,  a n d  t h o s e  w h i c h  c o l l e c t  a b a t c h  o f  r o c k  p a r -  

t i c l e s  a n d  t r a n s p o r t  t h e  b a t c h  t o  t h e  s u r f a c e .  T a b l e s  I a n d  

IX l i s t  t h e  c o n c e p t s  i n  t h e s e  r e s p e c t i v e  g r o u p s  by n u m b e r  a n d  

s h o w  t h e  m e t h o d  e a c h  e m p l o y s  t o  a c c o m p l i s h  t a s k s  1 t h r o u g h  7 .  

* 

I t  is e v i d e n t  from t h e s e  t a b l e s  t h a t  among t h e  9 
c o n c e p t s ,  t h e r e  a r e  o n l y  3 o r  1: d i f f e r e n t  m e t h o d s  t o  a c c o m p l i s h  

e a c h  t a s k .  This is n o t  s u r p r i s i n g ,  s i n c e  t h e  c o n c e p t s  e rnp loy-  

i n g  o b v i o u s l y  p o o r  m e t h o d s  t o  a c c o m p l i s h  m a j o r  t a s k s  were 

e l i m i n a t e d  i n  t h e  i n i t i a l  e v a l u a t i o n  d i s c u s s e d  i n  o u r  p r e v i o u s  

p r o g r e s s  r e p o r t .  

3 .  C o m p a r i s o n  o f  C o n c e p t s  

I n  t h i s  c o m p a r i s o n ,  e m p h a s i s  was p l a c e d  o n  p o i n t i n g  o u t  

s p e c i a l  f e a t u r e s ,  a d v a n t a g e s  a n d  d i s a d v s n t a g e s  of  t h e  c o n c e p t s ,  

T h e  o r i g i n a l  c o n c t p t  n u m b e r s  ( a s s i g n e d  i n  P r o g r e s s  R e p o r t  

No. 2 )  f r o m  w h i c h  t h e s e  c o n c e p t s  were e v o l v e d  a r e  a l s o  

shown i n  T a b l e s  f a n d  X X  a s  a m a t t e r  o f  i n t e r e s t .  
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r a t h e r  t h a n  t h e  s e l e c t i o n  o f  t h e  b e s t  c o n c e p t s .  X i t h o u t  

p e r f o r m i n g  e x p e r i m e n t s  o r  t e s t s ,  i t  i s  d i f f i c u l t  t o  m e a n i n g -  

f u l l y  c h o o s e  t h e  b e s t  c o n c e p t s  f r o m  a s e l e c t  g r o u p .  0 
T h e  two  m a j o r  c o n c e p t  g r o u p s ,  c o n t i n u o u s  t r a n s p o r t  a n d  

b a t c h  c o l l e c t i o n  a r e  c o m p a r e d  s e p a r a t e l y  i n  S e c t i o n s  3.1 a n d  

3.2 r e s p e c t i v e l y .  

3.1 C o m p a r i s o n  o f  C o n t i n u o u s  T r a n s p o r t  C o n c e p t s  
I F M - l  t h r o u q h  FW-4) 

3.1.1 A c c o m p l i s h m e n t  o f  Tasks 1 ,  2 .  3 ,  6 a n d  7 

C o n c e p t s  FM-i a n d  FM-2 t h r o u g h  ,!+ d i f f e r  i n  

t h a t  t h e  former e m p l o y s  t h e  k i n e t i c  e n e r g y  o f  i m p e l l e r  i m p a c t  

t o  t r a n s p o r t  p a r t i c l e s  t o  t h e  s u r f a c e  (Tasks 2 a n d  7 )  w h i l e  

t h e  l a t t e r  3 c o n c e p t s  u t i l i z e  g a s  t r a n s p o r t .  A t e s t  w o u l d  b e  

r e q u i r e d  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  of C o n c e p t  FM-1. B e c a u s e  

i t  is u n c o n v e n t i o n a l  t h i s  c o n c e p t  m u s t  be a s s i g n e d  a l o w  c o n -  

f i d e n c e  l e v e l  p r i o r  t o  t e s t i n g .  I f  a f t e r  t e s t i n g  t h e  b a s i c  

t r a n s p o r t  mode i s  p r o v e n  f e a s i b l e ,  t h e  c o n c e p t  w o u l d  b e  q u i t e  

a t t r a c t i v e  b e c a u s e  o f  i t s  s i m p l i c i t y .  

C o n c e p t s  FM-1 t h r o u g h  FM-4 a l l  u t i l i z e  t h e  

s a m e  p a r t l c l e  f l o w  p a t h  in r c c o m p l i s h b n g  T a s k s  1 ,  2 ,  3 ,  6 and 

7;  a n d  C o n c e p t s  FM-2, 3 a n d  L e l l  u se  e x a c t l y  t h e  s a m e  m e t h o d  

o f  a c c o m p l i s h i n g  t h e r 8  t a s k s .  T h e  b a s i c  d i f f e r e n c e s  b e t w e e n  

t h e  l a t t e r  3 c o n c e p t s  a r e  i n  t h e  m e t h o d s  t h e y  u t i l i z e  t o  s e a l  
o v e r b u r d e n  o u t  of t h e  r o c k  s a m p l i n g  r e g i o n  (Task 5 )  a n d  t h e  

r e q u i r e d  d i f f e r e n c e s  i n  d r i l l  b i t  c o n f i g u r a t i o n s  (Task 4 )  
n e c e s s a r y  f o r  c o m p a t i b i l i t y  w i t h  t h e  s e a l i n g  m e t h o d s  e m p l o y e d .  

3 . 1 . 2  D i f f e r e n c e s  B e t w e e n  C o n c e p t s  i n  
A c c o m p l i s h i n g  T a s k s  4 a n d  5 

C o n c e p t  FM-2 h a s  n o  s p e c i a l  s e a l i n g  d e v i c e  

f o r  t h e  a n n u l u s  b e t w e e n  t h e  d r i l l  b i t  s i d e w a l l  a n d  t h e  h o l e  

s i d e w a l l .  I f  t h i s  a n n u l u s  i s  k e p t  s m a l l ,  a n d  i f  t h e  p a r t i c l e s  

p r o d u c e d  by d r i l l  i m p a c t  a r e  d r i v e n  u p  i n t o  t h i s  a n n u l u s ,  m a j o r  

e 
T h i s  c h r r r c t e r i s t i c  a l s o  r p p l i e s  t o  C o n c e p t  FY-1. 

>..’-ls- 
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I 

c o n t a m i n a t i o n  s h o u l d  n o t  o c c u r .  H o w e v e r ,  w i t h o u t  t e s t  d r i l l -  

i n g  ( w h i c h  is b e y o n d  t h e  s c o p e  o f  F . M . k . ' s  p r o g r a m ) ,  i t  i s  

d i f f i c u l t  t o  d e t e r m i n e  w h e t h e r  a s p e c i a l  s e a l  i s  n e c e s s a r y  t o  

p r e v e n t  c o n t a m i n a t i o n  o f  t h e  r o c k  s a m p l e  by  o v e r b u r d e n  l e a k a g e  

down t h e  c l e a r a n c e  a n n u l u s .  

I n  t h e  e v e n t  a s e a l  is d e e m e d  n e c e s s a r y ,  

C o n c e p t s  FM-3 a n d  FM-4 p r o v i d e  t w o  d i f f e r e n t  a p p r o a c h e s  t o  

t h i s  p roblem.  T h e  f o r m e r  c o n c e p t  e m p l o y s  a c o r e  d r i l l  b i t  

w h i c h  is h e l d  s t a t i o n a r y  a g a i n s t  t h e  r o c k  l e d g e  i t  p r e v i o u s l y  

p r o d u c e d ,  w h i l e  t h e  c e n t r a l  d r i l l  b i t  a d v a n c e s  t o  i r a g m e n t  t h e  
samp!e a s  s h n m  in F i g u r e  3 .  T h e  l a t t e r  c o n c e p t  e m p l o y s  a 

m e c h a n i c a l l y  e x p a n d e d  r u b b e r  s e a l  b e t w e e n  t h e  l i n e r  a n d  t h e  

h o l e  s i d e w a l l  a s  shown  i n  F i g u r e  4 .  T h i s  s e a l  is p r o t e c t e d  

f r o m  a b r a s i o n  b e f o r e  a n d  a f t e r  s a m p l i n g  s i n c e  i t  is s m a l l e r  

i n  d i a m e t e r  t h a n  t h e  d r i l l  b i t  a n d  l i n e r .  D u r i n g  s a m p l i n g  it 

is e x p a n d e d  a g a i n s t  t h e  s i d e w a l l  by  a cam s u r f a c e  o n  t h e  

a d v a n c i n g  d r i l l  s tem.  D u r i n g  s a m p l i n g  t h e  l i n e r  is h e l d  

s t a t i o n a r y ,  a n d  t h e  s e a l  is s t a t i c  a g a i n s t  t h e  r o c k  s i d e w a l l .  

T h e r e  is, h o w e v e r ,  r e l a t i v e  m o t i o n  b e t w e e n  t h e  s e a l  a n d  t h e  

d r i l l  s tem a s  t h e  d r i l l  b i t  a d v a n c e s .  

T h e  s e a l i n g  m e t h o d  u s e d  i n  C o n c e p t  FM-L is 
e x p e c t e d  t o  b e  more p o s i t i v e  a n d  r e l i a b l e  t h a n  t h a t  e m p l o y e d  

i n  C o n c e p t  FM-3. H o w e v e r ,  i t  is q u e s t i o n a b l e  w h e t h e r  t h e  c o n -  

t a m i n a t i o n  p r o b l e m  is s e r i o u s  e n o u g h  t o  j u s t i f y  t h e  c o m p l i c a -  

t i o n s  n e c e s s a r y  t o  i n c o r p o r a t e  e i t h e r  o f  t h e  s e a l i n g  m e t h o d s .  

3 .1 .3  S e l e c t i o n  o f  t h e  B e s t  C o n t i n u o u s  
T r a n s p o r t  C o n c e p t  s 

I f  a s p e c i a l  s e a l  &s d e e m e d  n e c e s s a r y  t o  

p r e v e n t  o v e r b u r d e n  l e a k a g e  down t h e  c l e a r a n c e  a n n u l u s  b e t w e e n  

d r i l l  b i t  a n d  r o c k  s i d e w a l l ,  C o n c e p t s  FM-1 a n d  FM-2 a r e  

c o n s i d e r e d  t h e  b e s t  o f  t h i s  g r o u p .  A c h o i c e  b e t w e e n  t h e m  

w o u l d  d e p e n d  o n  t e s t  r e s u l t s  f o r  r e a s o n s  p r e v i o u s l y  e x p l a i n e d .  

I f  a s p e c i a l  s e a l  & d e e m e d  n e c e s s a r y ,  C o n c e p t  
* F M - L  is c o n s i d e r e d  t h e  b e s t  c o n c e p t  o f  t h i s  g r o u p .  

w 
C o n c e p t  FM-1 d o e s  n o t  l e n d  i t s e l f  t o  e a s y  i n c o r p o r a t i o n  o f  
t h e  e x p a n d i n g  s e a l .  



.. 

3.2 C o - p a r i c - o n  o f  R a t c h  Collect i o n  C o n c e p t s  
jFj.4-3 t h r o u r ; h  F!.‘.-(,) 

T h e s e  c o n c e p t s  a l l  a c c o m p l i s h  r o c k  s a m p l e  t r a n s p o r t  

( T a s k  7 )  by t h e  s a m e  m e t h o d .  T h i s  m e t h o d  is c o n s i d e r e d  a s  

r e l i a b l e  a s  t h e  d r i l l  e x t r a c t i o n  p r o c e s s ,  s i n c e  o n c e  a c q u i r e d  

t h e  s a m p l e  i s  c o n f i n e d  i n  a c o l l e c t i o n  c h a m b e r  d i r e c t l y  c o n -  

n e c t e d  t o . t h e  d r i l l  s t e m .  

3.2.1 A c c o m p l i s h m e n t  o f  Tasks 1, 2 a n d  2. 

Concepts FM-5 t h r o u g h  FM-8 u s e  t h e  s a m e  

m e t h o r i s  f o r  i c c o i i i p l f s h i i i ~  T a s k s  :, 2 and 3 .  

T h e  m e t h o d s  u s e d  f o r  a c c o m ? l i s h i n g  T a s k s  1 

a n d  2 a r e  r e l a t i v e l y  p o s i t i v e  a n d  a r e  c o n s i d e r e d  r e l i a b l e .  

I t  i s  l i k e l y  t h a t  t h e  o v e r b u r d e n  c h a m b e r  w o u l d  f i l l  d u r i n g  

e x t r a c t i o n  ( i f  n o t  d u r i n g  p e n e t r a t i o n )  t h u s  a c c o m p l i s h i n g  

T a s k  1. O n c e  t h e  s a m p l e  i s  i n  t h e  o v e r b u r d e n  c h a m b e r ,  t r a n s -  

p o r t  ( T a s k  2 )  i s  a s  p o s i t i v e  a s  t h e  d r i l l  e x t r a c t i o n  p r o c e s s .  

T h e  r e l i a b i l i t y  o f  “ p a s s i n g  t h r o u g h ”  t h e  

o v e r b u r d e n  w i t h  m i n o r  c o m p a c t i o n  t o  a c h i e v e  Task 3 is d o u b t f u l  

i f  c o h e s i v e  o r  v e r y  d e n s e  o v e r b u r d e n  were e n c o u n t e r e d .  T e s t s  

w o u l d  b e  r e q u i r e d  t o  d e t e r m l n e  t h e  f e a s i b i l i t y  o f  t h i s  p r o c e s s  

i n  v a r i o u s  s i m u l a t e d  o v e r b u r d e n  m a t e r i a l s .  

C o n c e p t  FM-9 h a s  a b e t t e r  c a p a b i l l t y  o f  

a c h i e v i n g  T a s k  3 s i n c e  a n  a u g e r  h a s  b e e n  i n c o r p o r a t e d  t o  e a s e  

p e n e t r a t i o n  o f  t h e  o v e r b u r d e n  l a y e r .  A c h i e v e m e n t  o f  T a s k s  1 

a n d  2 i s  c o n s i d e r e d  r e l i a b l e  s i n c e  t h e  a u g e r  f l i g h t s  c o u l d  b e  

“ c u p p e d ”  t o  r e t a i n  a n  o v e r b u r d e n  s a m p l e  d u r i n g  e x t r a c t i o n  i f  

t h e  s a m p l e  w e r e  n o t  t r a n s p o r t e d  t o  t h e  s u r f a c e  d u r i n g  t h e  p e n e -  

t r a t i o n  p r o c e s s .  I f  t h e  r e q u i r e d  a u g e r  s p e e d  c o u l d  b e  m a t c h e d  

t o  t h e  r o t a t i o n a l  r ~ e e d  o f  t h e  d r i l l  s tem,  t h e  a u g e r  c o u l d  

r o t a t e  a n d  a d v a n c e  t o g e t h e r  w i t h  t h e  d r i l l  s t e m  d u r i n g  p e n e -  

t r a t i o n  o f  t h e  o v e r b u r d e n .  T h e  a u g e r  c o u l d  t h e n  b e  d r i v e n  by 

t h e  r o t a r y  i m p a c t  d r i v e  m s c h a n i s m ,  a n d  u n c o u p l e d  d u r i n g  s a m p l i n g  

a s  shown i n  F i g u r e  9 ( b ) .  

\ 



I n  t h i s  g r o u p  o f  c o n c e p t s  t h e  m e t h o d s  e m p l o y e d  

t o  a c h i e v e  T a s k s  L a n d  5 w e r e  o f t e n  d i c t a t e d  by T a s k  6 r e q u i r e -  

m e n t s .  F o r  t h i s  r e a s o n ,  T a s k  6 w i l l  b e  d i s c u s s e d  f i r s t .  

3 . 2 . 2 . 1  k c c o n g ! i s b . - ~ n t  o f  T a s k  6 
A c q u i r i n g  n o c k  S a m p l e  

C o n c e p t s  FM-6, 7 a n d  9 d e p e n d  o n  

d r i l l  i n d u c e d  p a r t i c l e  f l o w  u p  e x t e r n a l  f l u t e s  o n  t h e  d r i l l  

b i t  t o  a c q u i r e  r o c k  s a m p l e  p a r t i c l e s  a n d  t h u s  a c c o m p l i s h  T a s k  6 .  

C o n c e p t  FM-5  a l s o  d e p e n d s  o n  d r i l l  

i n d u c e d  p a r t i c l e  f l o w ,  b u t  e m p l o y s  l a r g e  i n t e r n a l  p o r t s  o n  t h e  

d r i l l  bit f o r  s a m p l e  a c q u i s i t i o n .  T h e s e  p o r t s  h a v e  e x t e r n a l l y  

o p e r a t e d  v a l v e s  s i n c e  s i m p l e  c h e c k  v a l v e s  s u i t e d  f o r  o p e r a t i n g  

w i t h  t h e  v e r y  s m a l l  p a r t i c l e  f o r c e s  a v a i l a b l e  w o u l d  be u n r e l i a b l e .  

C o n c e g t  FM-R e m p l o y s  a m a r k e d l y  

d i f f e r e n t  p a r t i c l e  a c q u i s i t i o n  p r o c e s s .  I t  is t h e  o n l y  c o n -  

c e p t  ( i n  b o t h  m a j o r  g r o u p s )  w h i c h  d o e s  n o t  d e p e n d  o n  d r i l l  

i n d u c e d  p a r t i c l e  p r e s s u r e  f o r c e s  t o  l i f t  t h e  p a r t i c l e s  f o r  

a c q u i s i t i o n .  I n s t e a d ,  t h e  p a r t i c l e s  a r e  p r o d u c e d  a b o v e  t h e  

a c q u i s i t i o n  c h a m b e r  a n d  t h u s  f a l l  i n t o  i t .  T h i s  is a c c o m 2 l i s h e d  

by f r a g m e n t i n g  a c o r e  a n d  c o l i e c t i n g  f r a c j m e n t s  i n  a c h a m o e r  

p r o v i d e d  in t h e  c o r e  b i t .  i t  i s  e x p e c t e d  t h a t  p a r t i c i e  s i z e  

c o u l d  be p r e d e t e r m i n e d  t o  some d e g r e e  by v a r y i n g  t h e  m e t e r i n g  

g a p  shown i n  F i g u r e  R ( b ) .  P a r t i c l e s  w o u l d  t h e n  c o n t i n u e  t o  b e  

f r a g m e n t e d  u n t i l  t h e y  were  s m a l l  e n o u g h  t o  p a s s  t h r o u g h  t h e  g a p .  

3 . 2 . 2 . 2  A c c o n p l i s h n e n t  o f  T a s k s  4 a n d  2 

T h e  p r e v i o u s  d i s c u s s i o n  o f  s e a l i n g  

m e t h o d s  i n  S e c t i o n  3 . 1 . 2  is a l s o  p e r t i n e n t  when c o m p a r i n g  

b a t c h  c o l l e c t i o n  c o n c e p t s .  

C o n c e p t  FM-5 e m p l o y s  n o  s p e c i a l  

s e a l i n g  d e v i c e  t o  a c h i e v e  T a s k  5 ,  b e c a u s e  both t h e  e x p a n d i n g  

s e a l  a n d  c o r e  b i t  s e a l  were  c o n s i d e r e d  i n c o m p a t i b l e  w i t h  t h e  

e x t e r n a l  v a l v e  a c t u a t i o n  r e q u i r e d .  



P b o n c e p i s  FM-6 and FY-A b o t h  e n p l o y  

t h e  c o r e  b i t  s e a l i n g  m e t h o d .  I n  t h e  c a s e  o f  C o n c e ? t  FM-d 
h o w e v e r ,  t h e  c o r e  b i t  is p r i m a r i l y  r e q u i r e d  t o  p r o d u c e  t h e  

c o n f i g u r a t i o n  n e c e s s a r y  f o r  t h e  g r a v i t y  a c q u i s i t i o n  t e c h n i q u e  

t o  be e m p l o y e d .  

C o n c e p t s  FM-7 a n d  FM-9 b o t h  e n p l o y  

a m e c h a n i c a l l y  a c t u a t e d  e x p a n d i n g  s e a l  t o  a c c o m p l i s h  T a s k  5 .  

3 . 2 . 3  S e l e c t i o n  o f  t h e  Best B a t c h  
C o l l e c t i o n  C o n c e p t s  

C o n c e p t  F i h - 9  w h i c h  u t i i i r e i  a i l  a i ; g c r  Z Z S ~  h e  

s e l e c t e d  a s  t h e  b e s t  c o n c e p t  o f  t h i s  g r o u ? ,  i f  " p a s s i n g  

t h r o u s h "  t h e  o v e r b u r d e n  w i t h  minor  c o m p a c t  i o n  is c o n s i d e r e d  

a n  u n r e l i a b l e  m e t h o d  o f  g a i n i n g  a c c e s s  t o  t h e  r o c k  l a y e r .  

T h i s  f o l l o w s  b e c a u s e  t h e  r e s t  o f  t h e  m i s s i o n  t a s k s  c o u l d  n o t  

be p e r f o r m e d  i f  t h e  o v e r b u r d e n  i s  n o t  p e n e t r a t e d .  

C o n c e p t  FM-8 s h o u l d  b e  s e l e c t e d  a s  t h e  b e s t  

c o n c e p t  of  t h i s  g r o u p  i f  r o c k  p a r t i c l e  a c q u i s i t i o n  by d r i l l  

i n d u c e d  u p w a r d  p a r t i c l e  f l o w  is c o n s i d e r e d  u n r e l i a b l e .  T h i s  

f o l l o w s  b e c a u s e  i t  is t h e  o n l y  c o n c e p t  w h i c h  d o e s  n o t  d e p e n d  

o n  t h i s  phenomenon  for r o c k  s a m p l e  a c q u i s i t i o n .  

A c o m b i n a t i o n  o f  C o n c e p t s  FM-r3 a n d  F M - 9  

c o u l d  b e  f o r m e d  a t  t h e  r i s k  o f  i n t r o d u c i n g  e x c e s s i v e  c o n p ; e x i t y ,  

by  a d d i n g  a r o t a t i n g  a u g e r  t o  C o n c e p t  FM-8. T h i s  w o u l d  c o m b i n e  

t h e  p r e v i o u s l y  d e s c r i b e d  u n i q u e  f e a t u r e s  o f  b o t h  c o n c e p t s .  

C o n c e p t  FM-5 h a s  n o  s p e c i a l  s e a l i n g  d e v i c e  

i n c o r p o r a t e d  a n d  c o u l d  o n l y  be c o n s i d e r e d  s u p e r i o r  t o  C o n c e p t s  

FM-6 a n d  FM-7 i f  t h e  l a r g e  i n t e r n a l  p o r t s  a n d  e x t e r n a l l y  

o p e r a t e d  v a l v e s  p e c u l i a r  t o  i t  o f f e r  s i g n i f i c a n t l y  h i g h e r  

p a r t i c l e  a c q u i s i t i o n  r e l i a b i l i t y  t h a n  t h e  e A t e r n a l  f l u t e s  

e m p l o y e d  i n  C o n c e ? t s  FM-6 a n d  FM-7. 

S i n c e  t h e  m e c h a n i c a l l y  e x p a n d e d  o v e r b u r d e n  

s e a l  e m p l o y e d  i n  C o n c e p t  FM-7 is c o n s i d e r e d  s u p e r i o r  t o  t h e  

c o r e  b i t  s e a l  e m p l o y e d  i n  C o n c e p t  FM-6 ( s e e  S e c t i o n  3 . 1 . 2  f o r  

a d i s c u s s i o n  o f  t h e s e  s e a l s )  a n d  FM-6 o f f e r s  n o  o t h e r  s i g n i f i -  

c a n t  a d v a n t a g e s ,  C o n c e p t  FM-7 w o u l d  be c o n s i d e r e d  t h e  more 

p r o m i s i n g  c o n c e p t  o f  t h e  t w o .  
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4 .  C o n c ! u s i o n s  ar?d R c c o - , ~ e n d a t i o n s  

T h e  s e l e c t i o n  o f  t h e  b e s t  c o n t i n u o u s  t r a n s p o r t  a n d  b a t c h  

c o l i e c t i o n  c o n c e p t s  w a s  d i s c u s s e d  i n  S e c t i o n s  3 . 1 . 3  a n d  3.2.3 
r e s p e c t i v e l y .  'In t h e s e  d i s c u s s i o n s  s e l e c t i o n  a l t e r n a t i v e s  were 

p r e s e n t e d  w h i c h  a r e  d e p e n d e n t  o n  t h e  p r e d i c t e d  p e r f o r m a n c e  o f  

t h e  c o n c e p t s  i n  a c c o m p l i s h i n g  o n e  o r  m o r e  o f  t h e  d e s i g n a t e d  

t a s k s .  

T h e  f o l l o w i n g  c o n c l u s i o n s  a n d  r e c o m m e n d a t i o n s  a r e  b a s e d  
o n  oar e n g i n e e r i n g  j u d g m e n t  a n d  o u r  u n d e r s t a n d i n g  o f  J . P . L .  

e x p e r i e n c e  wiicn r o i d r y  tiihpatt dri??!ng. 

a .  C o n s e r v a t i v e  p r a c t i c e  i n d i c a t e s  s e l e c t i o n  o f  C o n c e p t  

FU-L a s  t h e  m o s t  p r o m i s i n g  c o n t i n u o u s  t r a n s p o r t  

c o n c e p t  s i n c e  i t  p r o v i d e s  a p o s i t i v e  o v e r b u r d e n  

s e a l ,  is r e l a t i v e l y  c o n v e n t i o n a l ,  a n d  s a m p l e  

a c q u i s i t i o n  by d r i l l  i n d u c e d  p a r t i c l e  f l o w  was  

d e e m e d  f e a s i b l e  by J . 3 . L .  

b .  C o n s e r v a t i v e  p r a c t i c e  i n d i c a t e s  s e l e c t i o n  o f  C o n c e p t  

FM-9 a s  t h e  m o s t  p r o m i s i n g  b a t c h  c o i l e c t i o n  c o n c e p t ,  

s i n c e  i t  p r o v i d e s  a p o s i t i v e  o v e r b u r d e n  s e a l ,  a 

p a r t i c l e  a c q u i s i t i o n  m e t h o d  d e e m e d  f e a s i b l e  by 

J . P . L . ,  p o s i t i v e  o v e r o u r d e n  a n d  rocK s a r n p i e  t r a n s -  

?art, a n d  is t h e  o n l y  c o n c e 2 t  o f  t h i s  g i O U ?  w h i c h  d o e s  

n o t  d e p e n d  on  c o m p a c t i o n  t o  p e n e t r a t e  t h e  o v e r -  

b u r d e n .  

c .  U n l e s s  t e s t s  a r e  c o n d u c t e d  w h i c h  j u s t i f y  t h e  e l i m i n a -  

t i o n  o f  c o n s e r v a t i v e  d e s i g n  f e a t u r e s ,  w e  r ecommend  

p a r a l l e l  d e v e l o p m e n t  o f  C o n c e p t s  FM-L a n d  i M - 9 .  

d .  I n  o r d e r  t o  i n s u r e  t h a t  d e v i c e  c o m p l e x ~ t y  is u l t i -  

m a t e l y  m i n i m i z e d ,  we f u r t h e r  r e c o m m e n d  t h a t  t e s t s  

b e  c o n d u c t e d  i n  t h e  f o l l o w i n g  a r e a s :  

1. P e n e t r a t i o n  o f  o v e r b u r d e n  by  p a s s i n g  t h r o u g h  

w i t h  m i n o r  c o m p a c t  ion. 

2 .  The n e e d  f o r  a s p e c i a l  s e a l  t o  p r e c l u d e  r o c k  

s a m p l e  c o n t a m i n a t i o n  by o v e r b u r d e n  l e a k a g e .  

. .' -20- 
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3 .  T h e  f e a s i b i l i t y  o f  p a r t i c l e  t r a n s p o r t  by t h s .  

i m p e l l e r  i m p a c t  m e t h o d  f o r  use  in s h o r t  h o l e s .  

L. T h e  p a r t i c l e  f l o w  p e r f o r m a n c e  o f  v a r i o u s  d r i l l  

c o n f i g u r a t i o n  c o n c e p t s .  
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APPEXU’DIX B 

HUGHES TOOL CO. REPORTS OF INVESTIGATION 

a 

B . l  - Gas Transport Through A Double Wall Tube. 
Concepts 1, lA, 2, 3 ,  4 ,  5 

B . 2  - Sampilng By Use Of Calyx Zasket. 
Concept 6 

B . 3  - Lunar Sampling By Coring. 
Concept 7 

Lunar Sampl ins By Abras ive Coring . 
Lunar Sampling By Abrasive Cutting. 

B.4 - Sampling By Screw Conveyor 
Concept 8 

B.5 - Sampling By Vibrating Spiral Conveyor 
Concept 9 

B.6 - S o i l  Consolidation 
Concept  10 

B.7 - Removal Of Overburden By Electrostatic Repulsion 
Concept  11 

B.8 - Removal Of Overburden 
Concepts 12, 12A,  13, 14, 15 

B.9 - Double Wall Tube To Seal Overburden From Sample 
Concepts 16, 19 

B.10 - Sampling By Use O f  Explosives 
Concepts 17, 18, 18A 



APPEKDIX B . l  

REPORT OF Ilr’VESTIGATION 

GAS TRANSPORT THROUGH A DOUBLE WALL TUBE 

T n  t rodu  c t ion 

T h i s  i n v e s t i g a t i o n  c o v e r s  c o n c e p t s  1, l A ,  2 ,  3 ,  4 and 5 ,  g a s  t r a n s p o r t  i r i  a d ~ u t l s  
w a l l  t u b e  f o r  a g e o l o g i c a l  sample  a c q u i s i t i o n  and  t r a n s p o r t  d e v i c e .  

I n v e s t i E a t i o n  

The d o u b l e  w a l l  t u b e  c o n c e p t  u s i n g  g a s  a s  t h e  medium t o  t r a n s p o r t  t h e  sample  w i l l  m e e t  
t h e  c o n t r a c t  r e q u i r e m e n t s  p r o v i d e d  t h a t  t h e r e  w i l l  be  r o c k  t o  d r i l l  i n  and u n d e r  t h e  
a s s u m p t i o n  t h a t  t h e r e  w i l l  be no  l o s s  of g a s  t o  t h e  f o r m a t i o n .  Concepts  l A ,  4 and 5 
have  m e r i t  and  would be a b l e  t o  t r a n s p o r t  t h e  sample  unde r  t h e  g i v e n  c o n d i t i o n s  o u t -  
l i n e d  above .  

These  c o n c e p t s  o r  d e v i c e s  w i l l  n o t  per form s a t i s f a c t o r i l y  when r o c k  is n o t  e n c o u n t e r e d .  
G e n e r a l l y  i n  t h e s e  c o n c e p t s  t h e  o u t e r  t u b e  i s  used  t o  s e a l  o u t  t h e  ove rburden  and  is  
a l s o  used  e i t h e r  t o  t r a n s p o r t  t h e  m a t e r i a l  up  t o  t h e  s u r f a c e  o r  a c t  as  t h e  passageway 
fo r  the gas t o  go down t o  t h e  b i t  or p ick  u p  area.  When t h e  sample is t o  be t a k e n  
f r o m  t h ?  ove rburden  and t h e  fo rma t ion  I S  p o r o u s .  a l l  of t h e  c o n c e p t s  w i l i  a l l o w  ledkage 
o f  g a s  t o  t h e  f o r m a t i o n .  T h i s  l e a ~ a g e  w i l l  be d e t r i i n e n t a i  t o  t h e  o p e r a t i o n  rind s u c c e s s  
o f  t h e  g a s  t r a n s p o r t  i n  a doub le  w a l l  t u b e .  

The f o l l o w i n g  concep t  by Mr. W. T .  J o n e s  and M r .  D.  L .  Imler i s  a n  a t t e m p t  t o  solvc t h e  
problem o f  o b t a i n i n g  a s a m p l e  when r o c k  i s  n o t  e n c o u n t e r e d  and t h e  d e s i r e d  sample  is 
o b t a i n e d  from a bed of p a r t i c u l a t e  m a t e r i a l .  See  F i g u r e  1 .  

The o p e r a t i o n  i s :  a f t e r  d r i l l i n g  t o  t h e  d e s i r e d  d e p t h  t o  r e a c h  t h e  sample  and i t  is 
known t h a t  t h e r e  h a s  been  no  r o c k  c o n t a c t e d ,  d r i l l  t o  ‘in a d d i t i o n a l  d e p t h  which w i l l  
cove r  t h e  s p r i n g  and  b e l l o w s .  A f t e r  t h i s  d e p t h  i s  r e a c h e d  t h e  e x p l o s i o n  b o l t s  a r e  
f i r e d  and t h e  s p r i n g  and  be l lows  w i l l  separate from t h e  c a s i n g .  D r i l l i n g  w i l l  t h e n  
c o n t i n u e  and  t h e  sample w i l l  b u i l d  up  i n s i d e  t h e  c a s i n g .  Gas w i l l  be d i v e r t e d  t o  t h e  
g a s  j e t s  and  blow t h e  d e s i r e d  sarnple t o  t h e  sample  r e c e i v e r .  The one  b i g  a s s u m p t i o n  
t h a t  was made w a s  t h a t  t h e r e  w i l l  n o t  b e  a f o r m a t i o n  change from t h e  sample  l o c a t i o n  
t o  a d e p t h  of a p p r o x i m a t e l y  1-6 i n c h e s  below.  

F i g u r e  2 is a s k e t c h  of a concep t  by w h i c h  t h e  d r i l l  would d r i l l  d r y  as fa r  as  t h e  
d r i l l e d  h o l e  i s  concerned  because  t h e r e  w i l l  be no  f l u s h i n g  medium a round  t h e  b i t .  
T h i s  a d v a n t a g e  w i l l  a l low u s  t o  d r i l l  and c o l l e c t  t h e  sample i n  t h e  bed of  p a r t i c u l a t e  
m a t e r i a l  and  not  l o s e  g a s  t o  t h e  s u r r o u n d i n g  format io i l .  The d r i l l  w i l l  o p e r a t e  f o r  
a p e r i o d  o f  t i m e  l o n g  enough t o  f i l l  t h e  s t o r a g e  chamber .  The d r i l l  is  t h e n  p u l l e d  
o f f  bo t tom f o r  a small d i s t a n c e  and v i b r a t e d ,  t h i s  ac t ion  w i l l  c a u s e  t h e  material t o  
f a l l  o f f  t h e  b i t  s p i r a l  and  a l l o w  t h e  f l a p p e r  v a l u e  t o  close. Then g a s  is pumped or 
blown down t h e  t u b e  and  t h e  sample is l i f t e d  o u t .  



I Another d e v i c e  t h a t  would p reven t  leakage back t o  t h e  h o l e  p a s t  t h e  b i t  i s  shown i n  
F i g u r e  3 .  I n  t h i s  o p e r a t i o n  t h e  d r i l l  would o p e r a t e  i n  a con t inuous  manner, i i i d i  is 
t h e  d r i l l  would no t  have t o  be s topped  i n  o r d e r  t o  t r a n s p o r t  t h e  material .as woiild 
be t h e  c a s e  f o r  F igu re  2 .  As t h e  d r i l l  advances material i s  accumulated i n s i d e  t h e  
s t o r a g e  chamber. The v i b r a t i n g  d r i l l  i m p a r t s  upward motion t o  t h e  p a r t i c I e s  and as 
they  p a s s  o u t  through t h e  cone shaped nozzle  they  a r e  picked up by t h e  gas  and t r a n s -  
p o r t e d  t o  t h e  s u r f a c e .  

The c o n c e p t s  as shown by f i g u r e s  2 and 3 appear  t o  be f e a s i b l e .  Labora to ry  t e s t i n g  
w i l l  be r e q u i r e d  i n  o rde r  t o  de t e rmine  i f  ttie concep t s  w i l l  work. The problem of 
con tamina t ion  of  t h e  sample does not  a p p e a r  t o  be a problem w i t h  t h e  v i b r a t i n g  d r i l l  
stem and gas medium a c t i n g  as  s e l f  c l e a n i n g  a g e n t s .  

The we igh t  of t h e  g a s  and equipment n e c e s s a r y  t o  p r o v i d e  f o r  gas  t r a n s p o r t  i n  a d o u b l e  
w a l l  t ube  can be approximated from t h e  graph taken from Hughes Tool  Company's 1960 
F i n a l  T e c h n i c a l  Report  on P r e l i m i n a r y  F e a s i b i l i t y  Study of D r i l l i n g  a Hole On The Moon. 
Four pognds mass would g i v e  u s  about  7 .5  o p e r a t i n g  hour s .  

Conc lus ions  

1. Concepts  l A ,  4 and 5 would be a b l e  t o  d r i l l  and a c q u i r e  t h e  r e q u i r e d  sample i n  a 
non porous r o c k ,  but would probably not  work i n  a bed of  p a r t i c u l a t e  m a t e r i a l .  

2 .  L a b o r a t o r y  t e s t i n g  w i l l  be r e q u i r e d  t o  e v a l u a t e  t h e  meri ts  o f  t h e  proposed systems 
as shown i n  F igu res  1 ,  2 ,  and 3 .  

h 

3.  Gas can n o t  be passed through t h e  d r i l l  b i t  and used a s  t h e  t r a n s p o r t  d e v i c e  
because o f  t h e  p o s s i b i l i t y  o f  d r i l l i n g  and t a k i n g  a sample i n  t h e  overburden.  
t h e  b e s t  method of g e t t i n g  a sample i s  w i t h  a system which u s e s  a b i t  s imilar  t o  
t h e  one developed by Hughes A i r c r a f t .  
1, 2 ,  and 3 u s e s  such  a d r i l l  b i t .  

Thus 

The system as proposed and shown by F i g u r e s  

4.LTl-p sy$h~h~~wn by figure 3 ha6 the most merit. 

DL1:s j l  

a t t a c h m e n t s  (4) 
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APPEXDIX B .2  

REPORT OF INVESTIGATION 

SAMPLING BY USE OF CALYX BASKFT 

IISL'RODUCTION : 

Concept No. 6 is described as follows: " C a l y x  basket in pilot hole t o  
cetch cut t ings from a reaming drill". 
cept wae t ha t  t he  reaming of a p i lo t  hole I n  htud basalt wouid require 
l e e s  energy than drilling a full bole. 

The basic thought of thle con- 

Advantages c i t e d  center about the f a c t  t h a t  t h i e  is  a mechanical Cutting6 
ret r ieval  system, and as such requires no gae seals euch as may be requlrcd 
in a gas transport  eyetem. 

The dlsadvantages cited are  w e l l  taken and would appear t o  be sufficient 
cauee f o r  rejection of the  concept. 
of the pilot hole i tself  In hard rock would pose t h e  same problems w e  
are attempting t o  a l l ev ia t e  by a reaming operation, except perhaps, t h e  
concern f o r  contaminant exclusion. If  a p i l o t  hole m u s t  be produced at  
a U ,  its cut t ings could as w e l l  be used as t h e  sample, without t he  added 
complexity of a reaming operation. 

In t h e  first case, t he  production 

If Indeed, t he  use of B reaming o2eratlon and col lect ion of cutt inge in 
a basket would a6sure an uncontminated 6az?le, fur ther  developent  would 
be in order. However, Disadvantage (2) appeare t o  be an unsurmountable 
problem, particularly if the  reaming operation is t o  be &ne by percuesivs 
d r i l l i ng .  

A 8  presented, Concept KO. 6 appeare t o  o f f e r  the  advantage af extreme 
simplicity. 
Considerable complexity is added when provision is made for  achieving th in  
etage. 

However, it is depicted in an intermediate stage of operation. 

In faat, (L 6olutlon for achieving t h i e  stage I n  not irpmcdirtely 
evident. 

copicLlfiixo~s: 

Concept No. 6 doen not merit -her consideration. 
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E?OI?TS OF T?;VESTIGATIOX 

LLii<tZR SAXPLIIiG BY CORIKG 

I?iTRQD JCTIOX : 

This i n v e s t i p t i o n  r e l s t c s  p?-innrily t o  Concept ire. 7,  which 
states, "Obtain s o l i d  core, trier, b r i n g  it up tnru dwt. iise 
a i r  a.nd/or v ib ra t ion  to b l o w  o f f  dust". F e a s i t i l i t y  of t h i s  
conce2t xay be exaxined by div id ing  i n t o  four  pimses: 

(1) Prociucing the  core, (2)  Breaking t h e  core,  ( 3 )  Re- 
t r i e v i n g  ( t r anspor t ing )  t he  core, (4)  Cleaning t h e  core. 

The ?rfc*t-,ption is  made t h a t  t h e  c a p a b i l i t y  of cor ing  i n  rock 
as hard hl; <wisalt is required.  

X h i T I  GAT1 Cii : 

1. Producing t h e  core. A c l a s s i f i c a t i o n  of coring methods 
f O U O W S  : 

A. 39 ta ry  

(1) Csrbide t i p p d  t o o l  
( 2 )  Dimond tool  

B. Punch 

C. Sidewall  

D. Cable t o o l  

E. Chip 

F. Percussion 

Ref. (1) 
i ief .  (1) 

iief. (2) 

R e f .  (2) 

Ref .  (2) 

aef. (2) 

In prac t ice ,  the 3oSt impilar avAd h i & l y  develosed i s  r o t a r y  cor ing  
w i t n  c i i a~osd  too ls .  :.:eti.,o& B, 2, acd F are b a s i c a l l y  sh i l a r  i n  
t h a t  each involves t n e  successive pou-iuing of t h e  cor ing  t o o l  aga ins t  
t h e  formation. Ynese t h r e e  setnods v i21  be discussed as a group. 
Method C,  s idewal l  coring, w i l l  be t r e a t e d  i n  Concept l8A.  
cor ing  i s  presumed t o  be outs ide t h e  scope of Concept No. 7, inaemuch 
as this concept depends on the  production of one l a r g e  p iece  of rock, 
o r  at worst, severa l ,  so t ha t  t h e  surface area exposed t o  poss ib l e  

Chip 
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contamination is held at a minimum. So, t h i s  inves t iga t ion  i s  
concerned primarily w i t h  Method A, r o t a r y  coring, and sane fonn 
of Methods B, I), and F. 

Rotary cor ing  was examined i n  the l i g h t  of reasonably presumed 
l imi t a t ions  on device w e i g h t ,  t h rus t ,  and power (20 lb. e a r t h  
w e i g h t ,  50 w a t t s  continuous, 50 lb. m a x .  t h rus t ) .  Reference (1) 
is cited, referring to a 1" a&. ch-biide zor izg  bit: "Carbide 

penetrate granite without a cooling and f lush ing  medium. 
drills penetrated q u i t e  slowly and du l l ing  of t h e  b i t  -6 quickly 
evident. 
power consumption would drop because t h e  now d u l l e r  b i t  would take 
a smaller bite. Power and penetration r a t e  would t h e n  renain con- 
s t a n t  u n t i l  that  point i n  t h e  d r i l l i n g  cyc le  where t he  d r i l l  dulled 
ccxnpletely". 
cor ing  t o o l  required 8 min. t o  c u t  0.25" depth. 
and 735 w,it required 8 min. t o  
case, parer  consumption w a s  about 125 w a t t s ,  and i n  t h e  latter, 
about 310 watts, continuous. I n  both cases, l i t t l e  add l t iona l  
pene t ra t ion  w a s  being experienced after 8 minutes. Presuming a 
core  diameter of 3/4", approx. 1/2" l ength  would have t o  be 
successfuUy recovered and processed t o  meet t h e  3 cc. sample 
volume requiranent . 

ti~;g- c c r % ~ g  &-ilh vepp +_he cnly rot_n_ry &ills t.hRt vould 
These 

Shor t ly  after t h e  start  of d r i l l i n g  i n  a p a r t i c u l a r  hole, 

A t  50 15. t h r u s t  and 250 rpo, this 1" dia. carb ide  
A t  50 lb. thrust 

I n  t h e  first cu t  0.37" depth. 

Qne of the nu6t.s for dlij.r,onA 6~~:l:x z r  co~- i r .< is a s -d f i c i ea t  
supply of cooling medium, normally water or  d r i l l i n g  mud. See 
References (2)  and ( 3 ) .  
core  b i t  i n  marble and g ran i t e  using an adequate cooling and flushing 
medium. 
drilled i n  2 ninutes.  To quote R e f .  (l), "Diemond core  drills were 
then  evaluated i n  g r a n i t e  specimens using a 50 lb. t h r u s t  and no 
cooling o r  f lush ing  agent. 
the  diaonds  without making any s ign i f i can t  penetration. 
b i t  w a s  then f l u t e d  - - - - - - -. Two brief tests were run i n  
sandstone with a f l o w  of  cooling air and one in g r a n i t e  without cooling 
air. A l l  lasted one minute or less". "Although no add i t iona l  
consideration w a s  given t o  himond core d r i l l i n g ,  it remains poss ib le  
that c e r t a i n  advantages may accrue if  a b i t  were fabr ica ted ,  p a r t i c u l a r l y  
for t h e  non-cooled task". 

Ld 

Ref. (1) c i t e s  tests of a 1" &a. diamond 

With 65 lb. t h r u s t  i n  na rb le  and at 900 rpa, 4-1/2" were 

The d r i l l  b i t s  quickly burned, pol i sh ing  
One diamond 

Percussion cor ing  ( r e l a t e d  Methods B, D, F) may o f f e r  poss ib le  ad- 
vantages for the %on-cooled task" mentioned above. The basis is  
taken fran R e f .  (1) which s t a t e s ,  i n  t h e  sec t ion  on Rotary D r i l l i n g  
So l id  Carbide B i t s ,  "Several 1" t o  1-3/8" dia. s o l i d  drills with 
carbide b i t s  were experimentally evaluated i n  saclplee of concrete,  
Berea Sandstone, and Gabbro gran i t e  - - - . Even at drill thruets  as 



low as 24 lb., concrete and sandstone were penetrable. - - - - 
However, when it w a s  a t tenpted  t o  pene t ra te  granite, no sig- 
n i f i c a n t  penetration was made at  d r i l l  loadings up t o  1.60 lo". 
When Bimilar drills were used i n  r o t a r y  i m p c t ,  a 1" dia. d r i l l  
penetrated g ran i t e  at a r a t e  of approx. 7-1/2" depth i n  8 minutes, 
with no appreciable dul l ing ,  at  a power l e v e l  of 550 w. 
cor ing  operation, and f o r  t he  depths required, it would be ex- 
pected t h a t  p e r  requiranents could be lessened considerably. 

In a 

!-dditics&.ly, pe,rcussion caring iiiiiy w e l l  be c m p i t i t i e  with t h e  
lunar drill a l ready  developed - Severel de te r rec ta  P _ Y , ~ E ~ ,  hc--:e=.er. 
A des iw for t h e  percussion core d r i l l  would have tn be de~eloprj,, 
This would probatdy take  t h e  form of carbide shapes disposed i n  a 
c i rcumferent ia l  manner. Diazionds, due t o  t h e i r  law impact s t rength ,  
would not be suitable. 
a b i l i t y  t o  ge t  unbroken cores of s u f f i c i e n t  lengtn. 
appl ica t ion  i n  basalt, where t h e  length  need not be over 1" a t  moet 
f o r  8 3/4" dla. core, t h e  chances of g c t t i i q  a s i n g l e  core  would 
appear t o  be good cons is ten t  with favorable rock continuity.  

Another poss ib le  drawback is t h e  questionable 
However, i n  t h i s  

2. Breaking t h e  core. Assming that a core of l/h" to 3/4" dia. 
has been successfu l ly  produced, i n  s o l i d  basalt, w i t h  no convenient 
d i scont inui ty  present t o  assist breakage, an estimate w a s  m a d e  of 
t h e  t e n s i l e  load required t o  break such co re  at i ts  base. L i t t l e  
data is  ava i l ab le  on t e n s i l e  s t r eng th  of rock. However, Reference 
(4 )  gives 2550 psi for North Carolina d i o r i t e ,  410 t o  1030 psi f o r  
various gran i tes ,  and 860 psi f o r  Maryiana marble. Based on an 
arbitrary LWCI ps i  t m s i l r  ~ t r c z g t k ~  l / L 1 '  . sa , ,  1/2" iiie., tu& j / k ' *  
&a. coresmuld requi re  approx. 50 lb., 200 lb., and 450 lb. pull, 
respectively,  t o  break. It would aipear nbso1utel;r incons is ten t  
with weight end power requiranents t o  consider t e n s i l e  breaking of 
cores l a r g e r  than  1/2" dla,. I n  fact, 1/2" dia. appears questionable. 

Another p o s s i b i l i t y  of breaking t h e  core would be by wedging aga ins t  
Its t o p  end, or providing a beading a m e n t  with t h e  m a x i m u m  moment 
occurring at the base of t he  core. Required moments would be & b l b .  
in., 2 . 5  lb.in., and 42 lb.in., for 1/4", l/2", and 3/4" dia. corea, 
respectively,  based on lo00 p s i  t e n s i l e  strength.  Acsuming a w e d g e  
angle of 30° (anything smaller would ge t  i n t o  t h e  range of possible 
problem with respect t o  s u f f i c i e z t  axial moveolent t o  effect 83 
adequate l a t e r a l  forcLng d i s $ a c a e n t )  and resolviog f o r c e  cmponents, 
and assmi% a n u i z a  dravard v e a e  fo rce  of 53 Ib., it would appear 
q u i t e  poss ib le  t o  break cores of 1" length and up t o  3/4" dia., 
dependent upon fridiirinal c h a r a c t e r i s t i c s  of t h e  wedge app l i ca t ion  
m e c h s n i s m .  However, it should be recognized t h a t  rshisl spatial 
requirements t o  build euch a device would be extrenely e t r ingent ,  

1,; 
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3. Retrieving ( t r answr t ing )  t n e  core. A s s u i n g  Phases 1 and 
2 can be achieved, Phase 3 requires a core catcninE inechenisa t o  
r e t a i n  t h e  core i n  t h e  barrel  during w i t h d r a w a l .  If t h e  core 
renains in tac t ,  a simple Wedging s p l i t  r i n g  mounted on an inner 
tapered surface inside t h e  coring b i t  can be made t o  hold the  
core. See R e f .  ( 3 )  p.265. If the  core i s  dust, o r  rubble, or 
i n  small pieces, some other, as yet unknown, means would ha;re t o  
be developed. 
a t t m p t i n g  t o  devise a universal device t o  f i t  aU. possible s i tuat ions,  
withotlt benefit of i s t e f i i gen t  m n i t s r i n g  m d  control. 

I see nothing but almost insunnountable problem i n  

If the  sample can be withdrawn, and the bottom of the core barrel is 
open, t he  sane percuesion d r i l l i n g  system could be used for removing 
it frm t h e  barrel, sinply by withdrawal, disposing the  bottom of 
t h e  core over a hard, elongated probe (tungsten carbide perhaps) 
mounted ver t i ca l ly  i n  the  center of D saiipie catching pan, and 
feeding dounward a g a i n s t  t h e  probe w i t h  t h e  ?ercussive d r i l l  
actuated. 
pieces t o  permit shaking it froln t h e  barrel. 
an a b i l i t y  to  effect ively purge t h e  core barrel and core of con- 
teminant dust  before f w e n t a t i o n  (see next section). 

4. 
capt ive core frm beneath t h e  overburden, it could possibly be in- 
serted i n t o  a purge chamber, where purge gases could be circulated In 
such a manner, w h i l e  operating the percussive mechanism, as t o  ex- 
haust the  residual  dust from tine e n t i r e  coring device and core t o  
the l.jn= atnos2here. YhTz zc;:lC 5r 6 ~j.~~j:z.~z of hi& 
pressure gas,  i n  in te rn i t ten t  spurts, t o  conserve gas. Gas re- 
quirements t o  e f fec t  t h i s  cleaning should mt be excessive. I 
v isua l ize  t h e  indexing rnecnanism t o  be essent ia l ly  three positions: 
(1)  drilling, (2) cleaning, ( 3 )  dmping. Here again, t h i s  method 
would not work on a dust sample, but should work reasonably w e l l  on an 
i n t ac t  core sample or  one which is I n  r e l a t ive ly  large pieces. 

This should break the  core in to  suf f ic ien t ly  solall 
This method presumes 

cleaning t h e  core. Upon withdrawal of t h e  core wrrel with i t 6  

co~cLusIoNs : 

1. 
on top of the  hardpan. 
such position. 
shear pins would e f f e c t i v e l y  keep the  core barrel clean t o  t h i s  
p o i n t .  
the  overburden, w i t h  dust  o r  rubble being moved u p a r d l y  w i t h  
purging gas i n  t h e  annulus. 
could be sheared, and the b u l l  plug could r ide on top of t he  
resu l t ing  core. 
judged t o  be one of considerable d i f f i cu l ty ,  inasmuch a8 various types 
overburden material would have t o  be negotiated, and control  th ru  such 
diverse material could not be easily achieved. 
would be required. 

The foregoing discussion presumed t h e  coring b i t  t o  be i n  position 
Means would have t o  be devised t o  get  it in 

Possibly a sof t  bull plug held i n  place with soft 

"he d r i l l  stem would have t o  be rotated,  o r  vibrated th ru  

Upon reaching the  hardpan, t he  pins 

The problem of ge t t ing  the  device t o  hardpan is 

Developnent t e s t e  



2. If coring of any sort i s  t o  be accomplished, it must be by 
percussion means. 
with t h e  already available percussion drill. 

This fortunately, may be quite compatible 

3. 
would appear t o  be feasible. 
ment of radial spatial design relationships not currently known. 

Breaking of cores by wedging (bending) rather than Fulling 
This conclusion depencis upon develop- 

4. 
presrsling that the  care is essentially i n t a c t  or i n  large pieces. 
Dufit or rubble sanules could not be cleaned in t h i s  manner. 

C l e a n i n g  of t h e  core may be achieved by sporadic gas blasts, 

5. Transporting and retrieving intact  cores could be achieved, by 
vibrating against hard ne ta l  probes 6iSpEed over the sanple pan. 
Dust o r  rubble samples could not be accommodated. 
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APPENDIX B.3 

LUNAR SAMPLING BY ABRASIVE CORIKG 

INTRODliCTI ON: 

Reference is made to t h e  ?.e?oA cf I n v c s t < ~ a t i c n ,  "Lunar S m p l i n g  by 
Coring'i, and Concept No. 7 which states, "Obtain s o l i d  core, then  
b r ing  it up t h r u  dust.  
This report I s  t o  exaxnine an additional poss ib le  method of producing 
a core, t h a t  of abras ive  cu t t ing .  

Use air and/or v ib ra t ion  t o  blow off dust". 

Sand-laden f l u i d s  'nave teen extensively used f o r  var ious o i l f i e l d  
app l i ca t ions  6wh as perforatin,: thru casiiigs, open-hale cleanup and 
w e l l  bore enlargement, as an  a i d  t o  hycimulic f rac tur ing ,  ho r i zon ta l  
o r  v e r t i c a l  c u t t i n g  of cas ing  or  tub ing ,  removal of cenent o r  br idge 
plugs, and d r i l l i n g  of rat or  mouse holes  i n  nard rock. Reference 4. 
The magnitude of t h e  operat ion and equipincni involved in t hese  appl i -  
cations would preclsdc i t s  G??lic6t:af in 1mer Sai2lirig work vitfiout 
extensive scaling-down ~ q r l  ~+trpc?:.p-t ?-7_e-~elc~-ezt *..-zrk. Fsr  cxzxzpl~; 
a th&2-6Lage, tripie o r i i i c e  je-,  p n  used. lor  a well rotchir ,g 
opera t ion  required &NO lb. of 20-40 mesh 6and i n  -LOO gal. of ge l l ed  
water  at 150 gpn and 2600 psi .  ikf. 4 . 
A further "feel" for  the capab i l i t y  of 6and-lhden f l u i d  s t rea .~~e t o  
pene t r a t e  var ious rock  formations is  ootclired from Tables frm Ref. 
General recommendations were made. 

1 . 
The m a x i m ; u n  nozzle pressure  drop 

Poin t  1 Poin t  2 Poin t  3 

Cut t ing  Time (min) 95 3 16 
Penet ra t ion  (in. ) 10.5 2.4 4.5 
Nozzle dp (psi ) 3200 3200 2000 



A r  Nozzle v th* maxat t = &  
(ps i )  (ftlsec) (in. ) 

2000 41.5 14.6 
2530 41.5 16.4 

35 00 41.5 19.4 
4 -  ?m - - 41.5 17-9 

sboo 41.5 20.7 

wThreshold Cutting Velocity 

TABLE 3 - MAXLJW PENETRATION IN INCHES (OPEN-HOLE AND t = (r ). Based on EQ. 16 

H-ww Nozzle Dif fe ren t ia l  Preseure 

Scale) (ft/sec) 2000 2500 3000 3500 4000 
(CT V th- ( P s i  1 
- --- Material 

asalt, Nephelite, Austin, Tex. 
q u a r t z i t e ,  Roanoke, Va. 

Granite Biotite, Barre, Vt. 
Granite, Quartz Monzonite, Milford, N. H. 
2 n l  st .r 5 % ~ :  T.* it  e , C h a r l n  t t G 6-v: I1 c , Va. 
~imestone, Sil iceous,  Coyote, Calif. 
Sandstone, Ferruginous, Shreveport, La. 
Limestone, Dolomite, J o l i e l ,  Ill. 
Marble, Calcite, B a l l  Ground, Ga. 
Marble, Sil iceous,  T e x a s ,  Maryland 

Limestone, Bituminous, Ravia, Qkla. 
SEUld6t0neJ Bituminous, Provo, Utah 

I +wHardness ( In t ’ l .  C r i t .  Table Scale) 
WThres. Cuttinn Velocitv 

19 
19 
19 

i7 
14 
14 
ll 
8 
6 
3 

l a  
17 -. 

41.5 
41.5 
41.5 
39.3 
4 .  17.1 
37.1 
30.6 
30. .j 
24.0 
17.5 
13.1 
6-55 

14.6 16.4 17.9 19.4 20.7 
14.6 16.4 17.9 19.4 20.7 
14.6 16.4 17.9 19.4 20.7 
15.5 17.3 18.9 20.4 21.9 
16.4 18.3 20.0 21.7 23.2 
19.4 i z . 3  23.3 21.7 23.2 
19.9 22.2 24.3 26.3 28.1 
1’3.9 22.2 24.3 26.3 28.1 
25.3 26.3 21.0 33.5 35.8 
34.7 30.0 42.5 45.9 49.1 
46.4 51.8 56.0 61.4 65.6 
92.7 103.7 113.6 122.7 131.2 

I 

consietent with safe pract ice  should be used. The t o o l  should be designed 
for stand-off distances of 6 nozzle diameters o r  less. Sand r a t i o s  in t h e  
range fmm 1 t o  2 1b./gal should be used. 
perfonned t o  improve penetration character is t ics .  

A relief perforation should be 



.L , 

The p o s s i b i l i t y  v88 suggested t h a t  sand-laden air o r  gas streams at  high 
veloci ty  could be used t o  produce t h e  core. An inquiry was directed t o  
the  5. S. White Co. regarding t h e i r  Indus t r ia l  Airbrasive UELV. 3 
Th i s  unit use6 high veloci ty  plant air or bot t led Co;! at approx. 80 p s i  
operation pressure, and 27 t o  50 micron aluminum oxide or s i l i c o n  carbide. 
powders directed th ru  tungsten carbide o r  sapphire nozzles. 
of powder will lest approx. 1 hour, and gas consumption a t  75 ps i  i s  about 

Ref. 

A 12 02. charge 

1 / 3  cfm. 

I n  evaluating t h e  capabi i i ty  of such a iil-iit to iiiake 6 COR i n  basalt, 8 

nozzle t i p  distance of .I%'* w a s  presumed which would produce a cut  of 
.025" dia. moving t h e  nozzle i n  a 1/2" dia. c i r c l e  t o  produce a 1/2" dia. 
core, and estimating a cu t t ing  rate of 50 m i l l i g r a m  of material  removed 
per min., approx. l/2" depth cut would have t o  be mede t o  assure a 3 cc 
sample (assuming sone core loss i n  re t r ieva l ) .  
approx. 20 minutes and consume about 7 cf'm of gas and 20G g m e  of abrasive 
powder, based on production rates presented f o r  ceramics. 

T h i s  depth cut would require 

Presuming tha t  accem t o  t h e  riardpari ctin be obtained t h r u  t h e  overburden, 
t h i s  method o f fe r s  a possible a t t r ac t ive  a l te rna t ive  t o  percussion coring. 
However, t h e  stme problems w i t h  respect t o  breaking the  core (2) and re- 
t r i ev ing  the  core {3) discussed i n  t h e  IOC of 6-14-65 still remain. There- 
fore, t h e  simplicity inherent in t h e  "Airbrasive" system would be partially 
n u l l i f i e d  if it becomes necessarj  t o  subsequently enter  i n t o  t h e  k e r f  w i t h  
a core  breaking and r e t r i e v a l  mechanism. 
e-ppear hfeR6ib le  to  d e s i s i  a co  i b f ~ ~ t i s n  t~rt-t-.itt:r~, .:we .-zdcr-zirtting, 
core breaking, and r e t r i e v a l  t o o l  which can perform a l l  of these operations 
once 8 C C e S s  t o  t he  hardpan is attained thru a casing system. 

On the  other hand, it does not 

In 8l1 probability, supplementary gas would have t o  be supplied t o  ranove 
abrasive pa r t i c l e s  and cuttings. 
used provides an adequate contaminant t o  prevent adhesion of pa r t i c l e s  i n  
t h e  hole o r  on tool surfaces. 

An a t t r a c t i v e  poss ib i l i ty  i s  that t h e  gae 

The commercial model Airbrasive unit  could provide a basic starcting point, 
but major modifications would have to  be made t o  meet parameters. 

CONCLUSIONS : 

The Airbrasive system may be an a t t r a c t i v e  shock-free subs t i tu te  f o r  per- 
cussion coring. The vr i ter  f e e l s  t h a t  t h i s  system bears fur ther  investigation. 
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APPEhVIX B . 3  

LUNAR SAMPLIPjG BY ABRASIVE CUTTING 

A t  the  July 13 and 14 design review, it MS s i c a t e d  that the "AirbrPoivd@ 
method be waluated as a possible tecf;ntCae for spplicatlon in a lunar 
geologic 6ampl.tng 8yStc~l. 
"Airbrasive" wm evaluated aa 8 nethod to p r o d d e  cores. I t s  use in a 
coring nethod IWS held to be attractive,  but tha coriry method itself  vu 
discarded (LO being too difficult &to a;2?ly 
PO cepacity t o  ecquiau dust or nibble 6nophs. 

Reference is m 8 e  t~ 2,erort of In-J+st j? ; t ion in which 

and vlth 

A n  d n a t i o n  of the gemmetrical mpecte comected vith f%pJ)l lC&tiOA of this 
technique indicated the f i r s t  proLlaa3. In u6e of the S.S. White Airbraelver 
unit (Ref. 1) 00 whlch this analysis will be based, a standard ,018" dismttar  
nozzle, with a .590" nozzle t i p  distance (:,XI)) pr&ies  a hole -079" in  
diemeter. 

f l o w .  
pres- 8 punch-type o2eration is enployed, would be 

This hole disc;etsr I s  sufficicat to provide clearance for the 
rtozaa! t i p  (.cs2" &e.) &..id g?rwidc m z;z=.&*a f r r  i?c%-&q @3E+ aizd cuttings 

The length of .("'9'' Ua. hole require5 to F;.rodJce a 3 ca aqple,  

sC 6.102 loo2 - id 
L -  cc - 37.1 in. 

M O m a l  nozzle t l p  length of the White Airbrasive Wt %e 3/16". 

Based on outting speeds IR ceramics, which are arbitrarily taken LLB being 
roughly equivalent to cutting t~peeds i n  basalt, 90 miulgramrr of material 
may be renaved fa one minute. 
be melntalned (to inieur. hole dimetar), approx. l l0  -utea would be required 
to puncia th. 37.1" b o p  hole. 

Presmlng that the constant HTD of .5gO" can 
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Conceivably, the nozzle t i p  s i ze  rnjr be e-h-zcd to miable the a c q u l r l q  
of the desired sonple o l z e  without going to t h e  ic;3roba‘bl e depth of 3Tb 
Thue, i f  or i f ice  size were doubled, and it 16 preoiaed that hole size 30 
accordingly doubled, zzaterial rerrioved per ult depth would be quadruP;lcd, 
and the required Oqth would be a?p?ox. 9” - la’* Barever, gae flw, anb 
probably abrasives flov, rc~Mirmcnta vc?rrlcl ?x increased by a fector ai 
four. 
volunee Bo not appear to be unrencoxble. 

In spite of these increased flow req~3.reaerit8, abrasive end @3 

Tne technique of f x m g l l ~  by abrasive c u t t i n 3  weti also exc3ined in Ught 
of the  rmny other rcc;uiruentc of t h e  geologic rcaple scquisitlon and 
trcmcp3rt device. These bcludcd: (1) abi l i ty  t o  peaetrate overb;uden 
to  rock, (2) ability to s a p l e  overburden, (3)  e b i l l t y  to  acquire rock 
sa3ple, (4) ab i l i ty  to transport ample, ( 5 )  caq?lexity, ( 6 )  -le 
sortina, and (7)  w p l e  coatmination. 

Requirments (1) and (2) p r e c e d i c g ,  appear to offer rather forcldable ob- 
s t a c l e ~  to use of an Airbrasive tme unit, at leesat i o  its cmzerclal fom. 
Regarding (l), a l oq  thin nozzle could be easily forced t h n i  under-dense 
overb.den to  the proxhfty of the hnrcim. Rowever, i n  cohesive mer- 
burden, this  c a p b i l i t y  m y  be cerio.uly bzqcred. In oder to protect 
the nozzle 80 e6 to ensure its c a p b l l i t y  i n  bedrock, it would appear 
mrsdatory that access to the  bedrack be achieved tCrv a previously apleccd 
c~sing. 
cii-irii rcqiircriwt 
still not eatisfied, M d  would prctably have to be pmvlGed by an auxiUaFy 
syeten. 

Thus, an Znhereatly six=>lt s y o t m  isa zede z w e  c ~ ~ l e x  by the 
A&iiciocd.i.y, d ie overburrden ~ m p l i r i g  requirement i e  

The abrasive particles vhich are used 13 t h i s  cutting systers are in the order 
of 10 to 50 micron6 i n  s ize .  
particle size. 
tin~,uir;habla as known sapfe  containant by the analytical. mice ,  Qn the 
other b d ,  if it l e  proved to be desirable to separate abrasive particles 
fram rock particlee, .me sort of separating oystem would have to be 

‘ ids  Is within the racge of derired ample 
It i o  pss ib le  that the abrasive particles are r d l y  die- 

provided, c a m p o w  cnmplexity. 

Application of the Airbra8ive eyetan to lunar 6 a q l t n g  sppervo to b. much 
too capplex t o  vsrrant -her coosideretioob 

ROB:- 

- 9 1 7  
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a APPEXDIX B . 4  

REPORT OF IhXESTfGATION 

SAMPLING BY SCREW CONVEYOR 

This i nves t iw t ion  cover6 t i e  use of an auger o r  6crew conveyor 
as a geologic sample acquisit ion and transport  device. 

I l l ~ s T I G A T I o N  : 

Laboretory t es t ing  of an auger by Joy Manufacturing Company (1) 
ylelde t h e  following infomation: 

Effect of pitch: 

The Larger the  pitch the higher the  rate of trans- 
portation f o r  any given auger speed. 
hae a decreasing tendency as p i tch  increases. 

This increase 

E f f e c t  of f l i g h t  roughness: 

Increasing surface roughnees decreases efficiency 
of trsrisg3rtaticrn. 

Path of chip travel:  

Chips move s l igh t ly  up the  flight while generally 
moving rad ia l ly  outward t o  t h e  sidewall, and then 
up the  f l i g h t  along the s ide wall. 

E f f s t  of f l i g h t  shape: 

Put t ing a 45' on the edge of t h e  auger increased t h e  
rate of transportation. 

3.4.1 



Effec t  of nmber  of f l i g h t s :  

A double flight auger removes less material than e 
s i n g l e  f l i g h t  auger. 

E f f e c t  of rnoisture e m t e a t :  

Dry sand pours e a s i l y  and g r e a t l y  increases leak 
back around t h e  auger f l i g h t .  D m p  loam does leak 
back somewhat but i n  general t r anspor t s  very w e l l .  
Very  w e t  loam sticks together ana is rmoved i n  
b b I U A L I L 0 ,  - L. .- 1- - a hi&cr g6Ger speed 2s r e c L r e s  to 6tL-U 
effective t rmsprt at ion. 

Increasing t h e  contact area of Soil and s ide w a l l  
g r e a t l y  increases  the  evacuation rate. 

E f f e c t  of time: 

The evac?zation r a t e  remains fairly consta?tly hi& 
i n  t h e  ea r ly  s tages  of evacuation and then t a p e r s  
off 88 t h e  flights are mpt ied .  

Additional tests showed t h a t  t h e  45'4 on t h e  auger flights had a 
greater leakage than t h e  standard auger. 
t h e  w e  of  t he  45'4. 

"hey did not recamend 

The r e l a t ionsh ip  between the auger s i z e  and speed, t h e  various f r i c t i o n  
f ac to r s ,  t h e  auger helix angle and the p a r t i c l e  path has been determined 
( 2 ) .  

The equation f o r  t h e  mininun speed at which t h e  auger can be rotated 
and st i l l  have material feeciing up i ts  f l i g h t s  1s: 

A w 2 = g  up @up + t a n 8  
M W  

auger radius 

angular speed of auger 

f r i c t i o n  coef f ic ien t  between p a r t i c l e  
and plane 

f r i c t i o n  coef f ic ien t  between particle and 
w a l l  

h e l i x  angle 

* -  ~ 
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The 6;rapn OD Page4 snows  t h e  r e l a t ionsh ip  of t h e  minlnm r o t a r y  
epeed necessary t o  t r anspor t  n a t e r i a l  up t n e  f l i g h t  with the  co- 
e f f i c i e n t  of f r i c t i o n .  This graph is f o r  t he  given condition of a 
1/2 inch & m e t e r  e w e r  with a p i t c h  of i /d  inch. 
of the equation shows t h a t  by reducing t h e  p i t ch  and holding t h e  
o the r  va r i ao le s  constant t he  rpn necessary t o  t r anspor t  t h e  material 
is reduced. The p i t ch  though, can be reduced only to the smallest 
value which still  w i l l  l e t  material pass up the  auger f l i g h t s .  
optimum p i t c h  f o r  a given auger diameter and material w i l l  have t o  
be experimentally determined. 

h examination 

The 

On the l una r  surface, a 200 rpn auger would trans,w-rt material  k-hich 
had a coe f f i c i en t  of f r i c t i o n  of approximately 1.5. 

Tnis concept would allow t h e  s m p l e  t o  be received without contamination 
fm t h e  surrounding t e r r a i n .  The concept is r e l a t i v e l y  simple. The 
concept could be aa integral p a r t  of t h e  luar dril l  1.e. t h e  8crew 
conveyor system could act  a8 the  driU stem. 

The va r i ab le s  that w i l l  affect t h e  operation and success of t h e  auger 
or  screw conveyor are: 

1. lunar environment 

2. coe f f i c i en t  of f r i c t i o n  

(a) between auger a?d cas ing  
(b) between auger fl ight am2 naterie: 

3. r0tfU-y speed of conveyor 

4. auger desi@ 

5 .  size and type of mater ia l  

6. s i z e  of hole t o  be dril led 

7. power required t o  transport t h e  material 

The path of material t r a v e l  i n  an auger is: 
s l i g h t l y  up t h e  auger f l i gh t  w h i l e  generally cloving radialljr outward 
t o  t h e  sidewall, and then up the f l i g h t  along t h e  side w a l l .  
t h e r e  is leakage past t h e  auger f l i g h t s  due t o  t h e  clearance between 
t h e  auger and the w a l l  of t h e  hole  o r  casing. 
aggravated if t h e  auger is vibrated as would t h e  case  i f  t h e  auger 
were an i n t e g r a l  part of a percussive ty?e tool .  

t h e  p a r t i c l e s  move 

Generally 

This leakage w i l l .  be 

The auger s m p l e  t r anspor t  concept appears t o  have considerable merit. 
Considerable experimental work w i l l  be necessar:- to determine t h e  
effects of t h e  lunar environment on t h e  operation of t h e  syetaa. 
Present knowledge about t h e  lunar surface material and t h e  effect of 
a high vacuum on t h e  working ofthe  s y s t a  leaves  much t o  be desired. 
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The oystem as I e m i s i o n  it would cox-isist of a d r i l l  bit which 
produces t h e  transported n a t e r i a l  and projects i t  onto t h e  auger 
f l i g h t ,  t h e  auger f l i g h t  &.ad casing sr,d a def i ec to r  t o  deflect t h e  
transported material t o  a device vkich crai~siarts it t o  t h e  ana.lyzer. 
The canple te  systen w i l l  i a v e  a fe;- d e s i a  problens nesely: 

1. Get t ing  materia3 away f m  bottcnn of hole. 

2. ,a?out?aent of material f m  bottom of hole up and 
upon the a u e r  f l i g h t s .  

Prevent leakage of mater ia l  around auger f l i g h t s  if 
t h e  device uses a percuseive type d r i l l .  

3. 

c OECWSI 01;s : 

1. 

2. 

The auger smple transport concept is  feasible. 

Effectiveness of t h e  transwrt system w i l l  have t o  
be determined through experimental tests. 

Tests could be made i n  conjunction with model t o  be 
built for concept #g. 

3; 

The advantages of t h e  auger t ranspor t  system are: 

1. C a n  Sc used 02 a pcJrcussi*re t n e  t ~ n l  a8 vel1 8s rotary. 
This advantage is i n  efiecr; concep-r; &j. 

2. Simplicity. 

3. Reliable. 

The main disadvantage would be t h e  long t e s t i n g  and dwelopnent 
prograrn necessary t o  a r r i v e  at t h e  best design which would meet 
a l l  the necessary requireaents. 

BIBLIOGWHY: 

1. "Mobile Autamatic E a r t h  D r i l l "  by Joy Kanufacturing Co. 
Pro jec t  NO. 8-07-07-102; Contract KO. ~~-64-00g ENG. - 2518 
dated Auguest 31, 1956. 

2. "The Preliminary Design of a New AilH Hole Digger" by Foster- 
Mil l e r  Associates, Inc. dated Apr i l  15, 1960. 
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APPENEIX €3.5 

REPORT OF IWESTIGATION 

SAMPLING BY VIBRATING SPIRAL CONVEYOR 

INTRODUCTION : 

This f i~vei i t fg~~ioi i  cuvere the  concept of a vibrat ing spiral 

conveyor f o r  a geological semple acquisit ion and transport 

device. 

ZNVESTIGATION : 

=is study was made i n  conjunction with the  study of Concept #, 

a epiral conveyor for t h e  geological sample acquisit ion and trans- 

port device. 

produced l i t t l e  information on t h e  subject of vibrating ecreu type 

conveyor 8. 

Library and l i t e r a t u r e  searches back t o  t he  year 1960, 

Laboratory tests of a vibrating screw conveyor by the  Jet  Propulsion 

Laboratory (1) have shown tha t  t h e  vibratory pr inciple  i s  feasible. 

A &etch of a proposed bread bard model i s  attached. 

would consist  of a Ski1 model 726 Roto-Hmer (2)  suppLying the  

basic rotary and hammering motion, an auger attached to t h e  drill 

bit, and a casing encompa8sing the  auger. The advancement in to  

t h e  formation would be provided by a motor driving a feed ecrew 

which is  attached In a fashion t o  the  casing. 

The system 
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lThe operation would be: 

1. 

2. 

3. 

I .  

5. 

The Roto-Hammer would supply the rotary and impact 

motion t o  the auger. 

This motion i s  t raneni t ted through t h e  auger to 

t h e  bi t .  

Cuttings produced by t h e  b i t  are t r ansn i t t ed  by 

the  bit up t o  t h e  auger. 

The auger t ranmits  the  cu t t ings  up the  flights 

and generally adjacent t o  t h e  casing w a l l .  

Cuttings from t h e  auger f l i g h t s  are paesed out 

t h m i  t 5 e  ports ia the casing w a l l .  

An atten* wa8 made t o  see I f  the casing and bit could be united 

as a single unit. 

motion between t h e  auger and t h e  casing, but t h i s  m i g h t  not be t h e  

case if t he  qystem i s  vibrated. A feasible ~ y s t e m  with  t h e  caeing 

It wa8 thought t h a t  there ha6 t o  be r e l a t i v e  

and b i t  as a uni t  was not found. Systems considered were: 

Auger ro ta t ing  at 8 higher rpn than the  casing and 

b i t  through the  use of a gear system. 

Auger rotat ion through t h e  use of an external power 

system. 

1. 

2. 

The system as proposed appears feasible. Two problems or weaknesses 

stand out. The first I s  the problan of the  separation of the b i t  and 

the caeing efter t h e  impect of the  hammer. T h i s  separation m i a t  U o w  
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material o u t d d e  of the  d r i l l ed  hole t o  enter  in to  the  material 

transport streem. It w i l l  have t o  be experimentally detemined 

if the separatlon of t h e  b i t  fromkasing w i l l  be detrimental and 
T;cf 

I 
allw foreign material  Into the transpart  systan. The auger will 

rotate at 520 rpa and t he  hammer vi11 &.r43 Ip  2- 51e:z pcr izkxite. 

Tbe second problem l e  how t o  keep the  auger clean o r  free from 

overburden contamination just before it is desired t o  take a sample. 

Poseible solutions t o  t h i s  problem are as follove: 

1. U s e  gas 

2. Use a liquid 

3. Mechanical device 

(a) Wiper 
(b) Brushes 

The drill stern assembly, which will consist  of t he  auger, t he  b i t ,  

and t h e  caeing, vi l l  probably not come apart due t o  the  fact t h a t  t he  

b i t  will be attached t o  the  auger and the  casing will not s l i p  past 

t h e  b i t  o r  the upper assembly i.e. (ettachments t o  spacecraft, 

transport  device t o  analyzer, etc.). Since the  d r i l l  stem assembly 

will not come apart the  only feasible  solution would be t o  v ibra te  

the auger and shake the  material off of the  auger f l igh ts .  It is 

hoped that the  maJority of t h e  materiel  can be disposed of in t h i s  

~ l ~ a ~ e r  end t he  reeultant sample t o  be more than %$ pure. 

B . 5 . 3  



4.n additional solution would be t o  d r i l l  deeper than required and 

t he  dealred mrnple would act as t h e  cleansing agent. 

make8 t h e  assumption tha t  there will not be a formation change while 

This solutlon 

drilling t o  the 8 d d i t i O n a l  depth. 

A representative of the Syntron Corporatam sail t h a t  he did not 

know of a single manufacturer who made a vibrating screw conveyor 

that might be used i n  t he  ve r t i ca l  position. N e a r l y  a l l  of t h e  

screw conveyors are made t o  operate I n  the horizontal position. He 

thought that it would be d i f f i cu l t  t o  get one t o  work satisfactory. 

Searches through the manufacturers advertisements i n  the  various 

composite catalogs indicate  that there  a re  no manufacturers making 

ver t i ca l  vibreting screw conveyors. 

---! d A ~ r t i Z l r j i ;  - ¶ -  SCZCU ca i ;eyx  UDej. b b  ii biib feeder ( 3 ) .  A & i t i o ~ ~ L  time 

spent searching the catalogs and contacting companies would be of 

l i t t l e  value i n  t h e  concept analysie. 

There i s  a cmpany making a 

coNcLusIoN : 

1. The vibrat ing sp i r a l  conveyor appears feasible. 

2. Tvo problem areas  exist. These problens do not 
appear t o  be too  formidable. 

(a) 

(b) Contamination on auger f l igh ts .  

Contamination during period when casing 
and b i t  are separated. 
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(1) Sjxice Programs Eiumary No. 37-31, Volume YI, 
Jet Propulsion Laboratory, January 31, 1%5. 

(2) 8ril Corporation, 1965 Industrial Catalog. 

Yibra Screw Feeders, Inc. 
157 Huron Avenue, Clifton, New Jersey. 

(3)  
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APPEKDIX B.6 

REPORT OF IhVESTIGATION 

SOIL CONSOLIDATION 

., , , _.. . .  > .  
' : I 

This report covers t h e  iwes t lga t lon  of Concept iG whicii etistce 
"Consolidate dust around driiling s i t e  by ~?eeziiig, e f i d z s l  zwme, 
or grouting". 

Concept la, which I s  t h e  same principle  as Concept 10, was 
inmediately discarded since it was f e l t  tkt the  disadvantages 
l i s t e d  on t h e  concept sheet far outweigiied any advantages. 

Freezing the  ground around a shad- sinking s i t e  has been used t o  
advantage on ear th  t o  s t ab i l i ze  the  so i l .  
the moon receives heat from t h e  sun. by radiation, sheding of t he  
surface should drop the  temperature far eoough t o  freeze a l iquid.  
Gold Ll] c i t e s  measurements by P e t t i t  and Ir'icholson (June 14, l927), 
P e t t i t  (October 27, 1939), and Strong end Sinton (July 26, 1953) of 
t h e  lunar surface temperature during eclipses. These data &.ow t h a t  
W i t & L L  q/;rGxxi-izze4 :zc -?::1_",'F,.P L- :?  ' I  I '.Y ':A e L i - r l A * . "  *.*a. i" ....I.. 

t h e  surface tunperat'me drops fron 35O-kXl 'X to less than 2W°K. 
Broner and Lander c 2 3 ,  i n  referr ing t o  t h e  F e t t i t  and Mcholson 
measurements, state "changes i n  lucar  texgerature occur very rapidly. 
During t he  ecl ipse the  minirnun tmpera ture  YES reached 20-30 minutes 
after the  sun had ceased t o  illuininate the Iooon's surface". 
also s ta ted  t h a t  t h e  texperature drop a t  a s-mt on t h e  sarface which 
moved from sunlight t o  shadow would be very ra2id. 
problem of s t ab i l i za t ion  by freezing involves more than surface freezing; 
t he  overburden has t o  be frozen t o  a depth of up to  one foot., Jaeger 1 3 3  
gives t h e  t h e m 1  conductivity of t h e  lunar s o i l  as 2.5 x 10.' cal/cm 
sec *c at t h e  eurface and 2 x loo4 cal/cm sec ' c  at a depth of a,feu 
m i  Muhleman l43 gives  t h e  thermal conductivity as 10'" t o  
10% cgs units. Bernett e t  el f57 have detemined t h e  t h e  
duct lvi ty  of simulated lunar soils t o  be of tne order of 10' 
8ec OC. 

low; hence, there  would be a considerable tine lag between a temperature 
drop on the  lunar surface and the resulting subsurface temperature drop. 
The data c i t e d  by Cold El.] indicate roughly 8 drop of 15OoK/hr on t h e  

Since t h e  surface of 

I ,  - ---._i-_ -~ - L .  

Jaeger 133 
However, the 

imeters. 

T1zGim 
This value of about 10-5 for t h e  thermal conductivity i s  very 
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surface while Broner and Lander C 2 1  state ". . . subsurface temperatures 
f a l l  at a rate of 8 t o  10 deg K per tour". 
diurnal variat ion in temperature at a depth of one foot  already 
amounts to lese than one-third of its surface range and t he  effects 
of diurnal heat wave8 do not make themselves f e l t  till m e r  a time 
lag of saae 80 hours". Thus surfsce shading cannot be relied on t o  
prmide freezing tcmjxrstiues to a dcptb af m e  foot in a relatively 
short time. 

Kopal C67 6h';eS "...the 

I n  addition t o  the heat t ransfer  problem, there i s  st i l l  the problem 
of f inding a l iqu id  t o  use as t h e  freezing rsedim. The hard  vacuum 
precludes t h e  use of f lu ids  nomelly used i n  freezing applications. 
Also  t h e  f luid would undoubtecily h w e  t o  be stored i n  a controlled 
environment chamber during t h e  f l i gh t  t o  the  moon t o  prevent excess 
evaporation and freezing. Because of a l l  these problems no further 
e f f o r t  w a s  expended on soil consolidation by freezing. 
sol idat ion offered any hope of success it w a s  f e l t  t h a t  it would be 
i n  t he  area of grouting or chemical consolidation. 

If con- 

A eurveyt7,8]  of methods used i n  chemical consolidation indicated 
tha t  in jec t ion  of chemicals t o  react w i t h  t he  overburden would be 
unsuitable f o r  t h i s  application. Knowledge of t he  soil is  necessary 
t o  specify the  chemicals and the  q u n t i t y  t o  be used. 
describes several  tyi?e6 of grout, all of wnich a re  used commercially 
52 ft=+&h a ~ <  t;5i=h have t h p l r  ,?;,I i-;-f ,7f T ~ P , - . ~ S . - ~ C  - -  ,7C --e - - -%*+<--  

materials described, only A@-9 seexed t o  Lave a possibi l i ty-of  working 
i n  t h e  lunar enviroment. On earth it c m  be used i n  the  widest range 
of s o i l  types and soil par t i c l e  sizes. 
i n  Soils of smaller par t i c l e  size t n a n  any of  t h e  other grouts. 

Lambe f a?  
_-  _-- .=.--.----.-- - _ _  _ _ -  

I n  ?ar t icu lar  it can be used 

Karol and Mark E93 describe AM-9 and i t s  use i n  obtaining wt reae ly  
precise  smples  of unconsolidated so i l s .  hi-9 is  a chemical grout 
manufactured by the American Cyanamid Conpany. The AM-9 itself i s  
a dry powder of acry l ic  moIioCier6 which dissolves rapidly in water. 
When catalyzed with a special ly  develo2ed reduction-oxidation system, 
it ge ls  i n  a preaetennined length of time by forming cram l inked 
polymers. 
i n  so i l  stra'ta were recorded i n  a forty-foot hole using AM-9 chemical 
grout. 
only 10 changes i n  soi l  were recorded i n  f i f t y  feet .  

In the t e s t e  described i n  this paper, th i r ty- f ive  cbanges 

Only 10 f e e t  away i n  mother hole using conventional technique8 
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The l o c a l  American Cyanmid r e p c s c n t a t i v e  was contacted t o  l e a r n  
more about AM-9. Since this iia6 t o  be a:: 82p l i ca t ion  i n  a ccmpletely 
d i f f e r e n t  enviroment ,  t h e  representa t ive  nad no idea of whether 
AM-9 would be E U i t 8 b l e  o r  not. 
for  earth app l i ca t ions  were supplied t o  UB for t e s t i n g .  

A l abora tory  k i t  and t echn ica l  data 

A t e s t  was run i n  low pressure  dqj ing ciimber. 
cha-oer in&icai& iiLat 29 0 :--L -*- ..--....- ...,.= m , , ~ 2 d  kr?+, 

tes t  did not look discouraging. 
t ime of 20-25 minutes. Gelling occurred a t  22 minutes. Weight loss 
i s  shown i n  Figure 1. 
one piece, but a f t e r  being left  i n  the v a c u a  overnight it had broken 
up as shown i n  Figure 2, whlch is  8 view looking dovn into t h e  beaker 
conta in ing  t h e  gel. 

The gage on the 
.U LUCU L . 6  V ' o L . u \ w  "LLY &,-A*-.-, 

doubtmy there is scme erpi;L" := t h e  gage i t s e l f ,  3PGlfit.S of this 
Cnezlicals were mixed t o  g ive  a gel  

A t  t h e  end of 33 hours t h e  Eel was s t i l l  i n  

Another t e s t  was run in a vacum furnace whicn is capable of producing 
a 
time. The pressure i n  t h e  chanber lowered gradually t o  120 microns i n  
t h i r t y  minutes; it then  rose  suddenly t o  almost atmospheric. After 
another  30 minutes t h e  pressure had h p p e d  only t o  450 microns so the 
tes t  w a s  terminated and t h e  saz2le removed f ro3  t h e  vacuum chamber. 
I c e  had formed on t h e  surface of t h e  AM-9 which was s t i l l  a l i qu id .  
Rapid evaporation a t  t h e  susface had cooled t h e  r e s t  of t h e  l i q u i d  

than  the  ca l cu la t ed  20 d n u t e s .  A f t e r  being i n  t n e  atmospnere f o r  
about f o r t y  minutes, g e l l i n g  occurred. aecause of t h e  rapid evaporation 
of the water i n  a vacum, AM-9 is not s u i t a b l e  for  use on t h e  moon, and 
f u r t h e r  searching for a suitable grout w i l l  not be done a t  t h i s  time. 

mm Hg vacuum. Chemicals were nixed t o  provide a 20 minute gel 

1 - -  - - - - - - . J - -  6s.- --i ---s -_  +nrr rrrr;pr <,,- zr,n mi,l"+re T*t;7_ep 
..*..' , c U". . r."CYU*L.K ".._ _ _  - - -  _ _  _ _  

D u r i n g  t h i s  i nves t iga t ion  t h e  use  of s. grout ing or  sealing material 
around t h e  bottm of a cas ing  sunk tnru t h e  overb,uden as shown i n  
Concept 19 of Group 1 was kept in mind. 
found, but t he  appl ica t ion  shwn i n  Concept 19 does not r equ i r e  a grout,  
only a seal. The sealant does not have t o  ;>met ra t e  between t h e  p a r t i c l e s  
of overburden; it j u s t  has t o  keep t h e  overburden p a r t i c l e s  from g e t t i n g  
i n s i d e  t h e  casing. 
pressure grease. R i e h l C l O ]  ran weight loss t e s t s  on s e v e r a l  materiale. 
H e  found t h a t  dupl ica te  samples of Mw-Corning C$-20093 Fluoros i l icone  
grease had a 3.2 and 2 . 6  w e i g h t  loss r e spec t ive ly  wi th in  t h e  first 
eight hours of exposure t o  vacuum on the  order  of 10-5 t o  loo7 mm Hg. 
No f u r t h e r  weight loss was recorded up t o  25 hour exposure. 

7;o grout ing  ma te r i e l  ha8 been 

One possible materiais f o r  t h e  sea l an t  i s  l o w  vapor 
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The main problem i n  using grease as a s e a l  i s  t h e  ambient teaperature. 
Beaters w i l l  probably be reqiiired i n  t h e  grease storage chamber to 
keep t h e  grease viscous enough t o  f l o w .  
storage chamber, however, it must pass t b r u  a mall  diameter hole 
dovn to t h e  bit .  
been exposed long enough t o  have reached arnbient temperatures. 
tllese temperatures the grease prooably will not f l o w  t h ru  the  small 

Ooce t h e  grease leaves the  

This long ( re la t ive  t o  dbmeter )  passage will have 
A t  

L-* - 
UWAC. 

During t h e  contractor 's  preliminary design presentation t o  JPL, the  
following idea w e 6  mentioned. ilrconsolidated pa r t i c l e s  la rger  than 
300 microns present a problem. 
from t h e  X-ray diffractometer. 
a d r i l l i n g  device because of t he i r  non-cohesive character is t lcs .  A 
separate f la i l  to comminute the particles adds com?lexity. By con- 
sol idat ing a comparatively large voluxe of t h i s  overburden with a 
r e s i n  o r  grout, t he  drill could be used t o  reduce t h e  s i z e  of these 
particles while t he  individual pa r t i c l e s  uere held in t h e  matrix of 
t h e  r e s in  o r  pout .  

Tney a re  too large t o  get good result8 
They cannot be conminuted i n  place by 

The only problem here seems t o  be the  material selection. 
f i ts  very closely within the  frmework of t h i s  investigation which 80 
far has revealed no suitable material f o r  overburden consolidation. 

This concept 

1. Consolidation by freezing the area s r o u d  t h e  d r i l l i n g  
s i t e  is not prac t ica l  because of the neat t r ans fe r  
problans and the d i f f i cu l ty  in select ing a f l u i d  t o  use 
in the  lunar environment. 

2. Consolidation by chemical means is  not pract ical .  

3. Consolidation by chenical grout o r  resin might be 
possible. Bowever, t o  develop t h i s  concept MY 
fur ther  would take a considerable mater ia l  develop- 
ment progrsm. 
this investigation. 

Such e program is beyond the scope of 
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APPEKDiX 3.7 

REPORT OF IWESTTGATION 

REMOVAL OF O V E R B W E N  BY ELECTROSTATIC REPULSION 

INTRODUCTION : 

l l h J  
A A A A U  r-eprt C u v e r s  ihe invesLigaiion of Zoocepi; ii wnich sates 

This concept was advanced as a re su l t  of the  atatanent by Kopl 
E13 referr ing t o  the effect  of the  solar wind: ... are b u n d  t o  keep charging the  -face of t h e  Moon posi t ively 
in the  course of time..." 

' ' 7 1 - -  v D c  e:zctro&uat-e reFdsion to &U&Lb a-ww- frm &=ia site". 

" A l l  three processes 

The fir& step i n  t h i s  investigation w a s  t o  conduct a l i t e r a t u r e  
search i n  an e f fo r t  t o  deternine the  amount of charge on the  psr t ic les .  
Vey and rJelsonC 23 say that (;oldC3] and G r a ~ i s l k ]  have a t t r ibu ted  a 
considerable amount of lunar erosion t o  solar radiation. They also 
make t h e  statement t h a t  a t t r ac t ive  and repulsive surface forces  between 
soil par t i c l e s  may be developed underultra-high vacuum. 

SalisburyC5J sifted basalt powder in a vacuum chamber. 

He found that the pa r t i c l e s  were e lec t ros ta t ica l ly  charged. S o m e  
pa r t i c l e s  had plus  charges, 
groups of par t i c l e s  that together were neutral.. He a lso  made t h e  
Btatement, '%Ut w i t h  pa r t i c l e s  of both signs, as w e l l  as neutral groups, 
even if you charge a p la t e  you w i l l  always get pa r t i c l e s  adhering t o  
it". 

This powder . .  - -  ..-.*,- _ _ _  _ _  .c.L.i-- --,-- - 4.- L L -  I - - --.. - - - -  I: 
--ALI ur vu A+-= - r A c - u  A~ u.iL L A . - ~ @ . , <  I %b r t u  C L P  '2" ci-c LL2aLter K U S L  

others ha6 n inus  charges, and there  were 

I Granni6c4J has used a s t a t i s t i c a l  approach t o  calculhting the  upper 
l imi t  on t h e  charge of a grain of 5,u s i l i c a  dust on t h e  Moon's surface 
due t o  t h e  effect of t h e  solar wind. 
2 2800e, where e is t he  electron charge. H e  then discusses electro- 
s t a t i c  hopping and develops an  equation for the r a t e  of downhill ma88 
transport  due t o  this hopping. 

He found the upper l imi t  t o  be 

e 

~ a ~ r e r C 6 3 c a r r i e s  the  calculstions a l i t t l e  fU%her by including t h e  
effect  of t he  change in r a t e  of charge build-up on a grain a6 t h e  
grain charge becomes larger.  
concludes tha t  t he  s t a t i s t i c a l  f luctuation of charge on the lunar dust 
g r a i n 6  i s  not significant.  He also s ta te6  tbat in an Independent 
Investigation by Singer and W a l k e r  it vas  found t h a t  electrostatic 
forces were insufficient t o  tear l008e dust particles, or even to 
rsi8c them. 

lie says that  2 m e  i s  too high and 



a 

-.-̂ _ -- 
Coffban L7J c a l c u l a t e s  t h e  charge on a gra in  of dust  using energy 
methods. lie f i n d s  t h a t  t h e  m a x i m u n  number of e l e c t r o n s  which can 
be at tached t o  E 5,4~ gra in  of Cust 18 7600. Hie discussion of t h e  
c r i t i c a l  r ad ius  f o r  hopping follows: 

"Hopping of dus t  g r a i n s  w i l l  occur in an e l e c t r i c  f i e l d .  
However, t h e r e  is  a cr i t ica l  r ad ius  which l i m i t s  t h e  size 
of t h e  g ra in8  which hop. 
number of eieetrons) is > m p r t . i o n a l  t o  t h e  r a d i u s  of the 

p r s p r t i m a l  t n  i ts  radius .  
for a gra in  of uniform mass density,  is proport ional  t o  
t h e  cube of t he  radius.  It follovs t h a t  t h e  curves 
represent ing t h e  magnitude of t h e  g r a v i t a t i o n a l  fo rce  (which 
is a t t r a c t i v e )  and the magnituZe of t h e  e l e c t r i c  f o r c e  (which 
i s  repiLsive)  will i n t e r s e c t  f o r  sone r a d i u s  a 7 0 ,  which is 
t h e  c r i t i c a l  radius .  Grains of l a r g e r  r a d i u s  cannot acqui re  
a charge l a r g e  enough t o  l i f t  t h m  aga ins t  t h e  g r a v i t a t i o n a l  
f ie ld . . .  The c r i t i c a l  radiU6 f o r  g r a i n s  of sand on t h e  moon 
cannot be ca l cu la t ed  because t h e  e l e c t r i c  f i e l d  i n t e n s i t y  
a t  t h e  surface of t h e  moon is unknown". 

The naximum charge (maximum 

--- a -. E.us, t h e  mnximum e l e c t r i c  fo rce  on t h e  grain ie 
But t h e  g r a v i t a t i o n a l  forces ,  

To f u r t h e r  c m p l i c a t e  t h e  s i tua t ion ,  Mi tche l l  C83 says, "Continual 
r ad ia t ion  bombardment of t h e  Moon's surface could cause sput te r ing  
of i o n s  which could rede2osi t  between p a r t i c l e s .  Laboratory exper- 
iments... shoved t h a t  a b r i t t l e  crust of p r t i c l e s  cemented toge ther  
-*. -., - t ' ~ n u c  p ; ? . ? . ~ w d  k:e=k mcl forth i n  spaces between g r a i n s  could be 
formed. 

Wenner C 9Jspeculates on 

occurs, t h e  larger por t ion  of t h e  sput te red  material escapes t h e  Moon's 
g r a v i t a t i o n a l  a t t r a c t i o n  and i s  lost i n t o  spce. Iiovever, on rough 
surfaces a considerable  xiuber of atoms may be trapged again after 
sput ter ing.  A s  a consequence, 

he ef i 'ects  of mlnr  wind bmbardment of  
t h e  lmar surface f o r  10 4 years. Under t h i s  bombardment, sput te r ing  

"atoms which are sput te red  and then subsequently t rapped 
provide t h e  g lue  which co ld  f u s e s  surface p a r t i c l e s  to- 
gether  or surface p a r t i c l e s  t o  underlying p a r t i c l e s .  
we may reasonably expect t h a t  t h e  luna r  sur face  does not  
cons i s t  of a loose dus t  l aye r  but i s  r a t h e r  a porous but 
r e l a t i v e l y  s o l i d  c r u d  of h s e d  dust  par t ic les" .  

Thus, 

Experiments by Wehner e t  a l C l 0 ,  ll] have shown t h a t  i n  simulated 
solar wind bombardment such 8 c r u s t  i s  formed OA layers of steel  
spheres, layers of m e t a l  powders, va r ious  oxide powders, and va r ious  
rock povdere. 
follov. 

Their d e s r l p t l o n  of t h e  crust and t h e i r  c o n c ~ u s i o n s  
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'%Whenever a c r u d  is formed it has a fibrous s t ructure  wi th  
closely spaced needles & spires & deep s a l 1  hole6 all 
aligned i n  the  d i rc t ion  of ion bonibardnent... A t  t he  Moon, 
the  conditions are different because t h e  bozbardment sweeps 
the surface over a range of angles. 
surface t o  became more complex and irregular,  but it 
probably vould not cha?ge i t s  basic character. 
is probably not contradictory t o  t h e  "fairy cast le"  
s t ructure  proposed by Ha?ke cl23 or the  "skeletal  ~ U Z Z "  
proposed by Warren r l3Jfor explaining the  photometric 
properties of t he  lunar surface". 

This should cause t h e  

This layer 

A t  t h i s  point itbecame appareat that  no design c r i t e r i a  could be 
developed f o r  a systen t o  e lec t ros ta t ica l ly  repel t h e  dust from 
t h e  drill site. 
dust on t h e  surface but 8 b r i t t l e  crust  which would have t o  be broken 
in order t o  get down t o  t h e  dust. 
terminated. 

I n  fac t ,  according t o  Wehner, there  may not be any 

Therefore, t he  investigation was 

C ONCLUSON S : 

Although Kopal 1: 17 and Gold I 3 7  say dust par t i c l e s  on 
t h e  Moon's surface u i l l  all be posit ively charged, 
Granni6 43  , by considering solar proton bombardment, 
solar electron bombardment, secondary and photoelectric 
emission, and t h e  return of electrons t o  t h e  surface 
-e. ze .---- -."AFT 
Y" *-dcr€.*ac.>" ;r3cec6c6, :1css x s z 2 ~ 2 c a A q  :.::a5 
a grain can be posit ively o r  negatively charged. Vey 
and SelsonC 27 end Salisbury f 5 1  f ind  tha t  both posi t ive 
and negative charges b u i l O  up on dus t  pa r t i c l e s  in high 
vacuum on earth. i f  indeed the  luna r  dust has both 
posit ive and negative charges, then any type of electro- 
Btatic repulsion mechanism w i l l  be useless; it will attract 
just as many pa r t i c l e s  as it repels. 

Grannis1:41, WalkerCSJ, and CoPfbmnr6 Ia l l  dis- 
agree on t he  naximum possible charge which could develop 
on t he  lunar d u d .  
a l l  posit ively charged, t he  amount of charge t o  use as a 
design c r i t e r ion  i s  undetermined. 

Hence even If t he  dust pa r t i c l e s  were 

Theoretical and experimental work by Wehner, c 9 ,  10, ll] 
strongly suggests the existence of a crust  on t h e  lunar 
surface. Any necnanian used t o  get thru the  curs t  could 
just as  well be used t o  get  th ru  t h e  underlying dust 
without the  necesEjity f o r  e lec t ros ta t ic  repulsion. 

No fur ther  work should be w e n d e d  on t h i s  concept because 
of' the three preceding conclusions. 
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APPEKDIX B.8 

REPORT OF LiL’VF,STIGATION 

REMOVAL OF OVERBLTRDEN 

I n t r o d u c t i o n :  

- 7  i n i s  report  CGC’CTS the i n v e s t i g a t i o n  of  Concepts 12 ,  12A, 13, 14, and 15. 
Concept 11 which a l s o  has  t o  do with removal of overburden is d i s c u s s e d  i n  
a s e p a r a t e  r e p o r t .  

I n v e s t i g a t i o n :  

Concept 14  was  immediately r u l e d  o u t  a s  a complete system s i n c e  it  would 
n o t  work on a cohes ive  overburden.  However, i t s  use i n  combination w i t h  
some o t h e r  system was n o t  d i scoun ted .  

Concepts  12 ,  13 and 15 are  a l l  mechanical methods. T h e r e f o r e  b e f o r e  e v a l -  
u a t i n g  them a s  such i t  w a s  decided t o  f i r s t  e v a l u a t e  mechanical  methods in 
g e n e r a l ,  t h e n  rpove on t o  s p e c i f i c s .  I n  g e n e r a l  two t y p e s  of motion are 
a v a i l a b l e  t o  move t h e  overburden: 1) S c r a p i n g ,  i n  which a b l a d e  o r  bucke t  
i s  moved e s s e n t i a l l y  p a r a l l e l  t o  t h e  overburden s u r f a c e  and 2 )  
i n  which a wheel o r  c h a i n  is  r o t a t e d  ctbout an axis p a r a l l e l  t o  t h e  over-  

overburden.  

R o t a t i n g ,  

dt.n 211i idc, ai12 $-c.:ttc x ‘0:~;. r: .)-; t ! , ~  ~ e r i = ! ? e r y  of the wheel move t h e  

S c r a p i n g  can be accomplished i n  three ways: 

1) A bucket  o r  blade i s  thrown out  and s c r a p i n g  accomplished as i t  is 
p u l l e d  back i n .  D r a g l i n e s ,  back-hoes,  and Concept 15, t h e  Hughes 
A i r c r a f t  S u r f a c e  Sampler,  o p e r a t e  i n  t h i s  manner. 

2 )  A bucket  o r  b l ade  s c r a p e s  as i t  i s  pushed away, t hen  i t  is r e t r a c t e d  
f o r  a n o t h e r  s c r a p i n g  s t r o k e .  
e a r t h  and b u l l d o z e r s  o p e r a t e  e s s e n t i a l l y  i n  t h i s  manner. 

Power s h o v e l s  used i n  s t r i p  mines on 

3 )  A b lade  can be r o t a t e d  i n  an a r c  abou t  a n  a x i s  p e r p e n d i c u l a r  t o  t h e  
overburden s u r f a c e  i n  a m a n n e r  s i m i l a r  t o  a w i n d s h i e l d  w i p e r .  

A d r a g l i n e  mechanism would require  a boom, c a b l e s ,  c l u t c h e s ,  b r a k e s ,  and ;i 
v e r t i c a l  a x i s  abou t  which t o  p i v o t .  The c o o r d i n a t i o n  of t h e  c o n t r o l s  n e c e s s a r y  
t o  o p e r a t e  such  a system, t h e  complexity of t h e  system, and t h e  p o s s i b i l i t y  
t h a t  i t  would n o t  work i n  a cohesive overburden make such a system u n s u i t a b l e .  
Back-hoes have many advan tages  when compared t o  d r a g l i n e s .  However, t h e y  
require an e x t e n s i v e  h y d r a u l i c  system which would p r e s e n t  innumerable  problems 
i n  a vacuum (1). T h e r e f o r e  t h e  back-hoe mechanism was d i s c a r d e d .  
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Concept  15 h a s  a i r e a d y  beexi developed by Hughes A i r c r a f t ;  the i d e a  was th rown 
i n r o  ciie t i -din s t ~ r i z i z g  sesr , icr?s t 5  see i f  i t  would g e n e r a t e  a n y  o t h e r  i d e a s .  
Fur c.,..c r r a i r ~ n  nc further c n n s i d e r n t i o n  w a s  g i v e n  t o  Concept  15. 

Power s h o v e l s  as used  i n  s t r i p  mines on ear tn  are e f f i c i e n t  mechanisms f o r  
o v e r b u r d e n  removal. However, t h e i r  e f f i c i e n c y  i s  due t o  t h e i r  l a r g e  s i z e ,  
and  j u s t  a s  t h e  d r a g l i n e s ,  t h e y  r e q u i r e  c o o r d i n a t i o n  of c o n t r o l s  t o  o p e r a t e .  
Booms, c a b l e s ,  c l u t c h e s ,  b r a k e s ,  and a t r u n d l e  a r e  r e q u i r e d .  A mechanism 
somewhat s i m p l e r  t h a n  t h e  u s u a l  c a b l e  o p e r a t e d  power s h o v e l  i s  shown i n  
F i g u r e  1. (2 ) .  However t h e  g e a r  t e e t h  and  p i n  j o i n t s  would a l l  be exposed  
t o  t h e  vacuum on t h e  l u n a r  s u r f a c e  3nd would b e  a l u b r i c a t i o n  problem. The 
mechanism t o  v e r t i c a l l y  move t h e  m c h a n i s m  shown would add t o  t h e  c o m p l e x i t y ,  
t h e r e f o r e  t h i s  concep t  was d i s c a r d e d .  A b u l l d o z e r  t y p e  b l a d e  w a s  c o n s i d e r e d ,  
b u t  no  s i m p l e  mechanism c o u l d  be  d e v i s e d  t o  i m p a r t  both h o r i z o n t a l  a n d  
v e r t i c a l  mot ion  as well as  b r u t e  f o r c e  t o  t h e  b l a d e .  A m i n i a t u r e  r a d i o  
c o n t r o l l e d  d o z e r  w a s  c o n s i d e r e d .  However, i t s  small w e i g h t  would l i m i t  
i t s  push ing  power and  i t  p r o b a b l y  c o u l d  n o t  b r e a k  up  a c o h e s i v e  c r u s t .  
If t h e  c r u s t  i s  n o t  c o h e s i v e ,  then the d o z t r  would have locomot ion  problems.  
* - - -  r2c:r‘ ’-nrl r ~ a e . - a , . , ~ ~ .  ;XI ;-ou?C 3e, i n  ??ri i t inn tn t h i s  complex svstem. 
T h e r e f o r e  t h i s  i d e a  w a s  d i s c a r d e d .  

- .  3 .  

I, 
.... , 

The w i n d s h i e l d  w i p e r  concep t  w a s  r u l e d  o u t  because  of t h e  h i g h  torque nec-  
e s s a r y  a t  t h e  v e r t i c a l  a x i s  t o  c l e a r  a n  area l a r g e  enough t o  accomodate  a 
s a m p l i n g  mechanism. A t  t h i s  p o i n t  a l l  t h e  s c r a p i n g  mechanisms had been  
e l i m i n a t e d .  

To b e g i n  t h i n k i n g  a b o u t  t h e  r o t a t i n g  mechanisms,  i t  was n e c e s s a r y  t o  g e t  
some i d e a  of t h e  a n g l e  of repose of a l o o s e  d u s t  on t h e  l u n a r  s u r f a c e .  
S i b u l k i n  (3) found t h e  uppe r  l i m i t  a n g l e  of r e p o s e  of c o r k ,  g round w a l n u t  
s h e l l s ,  s a n d ,  and coppe r  t o  be between 3S0 and 400.  H e  a l s o  found t h a t  t h e  
s i d e s  of a h o l e  e r o d e d  i n  a l a y e r  of t h e s e  d u s t s  by a v e r t i c a l  b l a s t  o f  a i r  
had a maximum s l o p e  of a b o u t  GOo. 
vacuum of T o r r .  The a c t i o n s  of p a r t i c l e s  o f  lower mass,  s u c h  as  c o r k  
and  wa lnu t  s h e l l s ,  i n  t h e  e a r t h ’ s  g r a v i t y  f i e l d  would c o r r e s p o n d  t o  t h e  
a c t i o n s  of p a r t i c l e s  of h i g h e r  m 5 5 ,  such  as  r o c k ,  i n  t h e  lower l u n a r  g r a v i t y  
f i e l d .  Vey and  Ne l son  ( 4 )  found t h e  i n t e r n a l  f r i c t i o n  of s i l i c a  f l o u r  t o  
have a v a l u e  of t a n  ($ =0.70 a t  T o r r .  T h i s  c o r r e s p o n d s  t o  a n  a n g l e  of 
r e p o s e  o f  f$ =3S0. 
t h a t  a loose d u s t  on t h e  l u n a r  s u r f a c e  would have  a n  a n g l e  of r e p o s e  of 

A l l  of  h i s  work was done i n  a n  i n i t i a l  

T h e r e f o r e  for c o n c e p t  t h i n k i n g  pu rposes  i t  w a s  assumed 

35-400. 

The  n e x t  d e c i s i o n  to be  made was  t h e  s i z e  and  shape of t h e  r o t a t i n g  member. 
The f o l l o w i n g  p o s s i b i l i t i e s  ex is t :  
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Small diameter - no problems vith mounting if overburden ie non-cohesive. 
Xf overburden is cohesive the following cross section will have to be 
cut in order to clear the wheel support and drive membere. 

3) 

4 )  

Thus movement in three mutually perpendicular directions will be 
required. 

Large diameter. 
only in two directions, vertically and one direction horizontally. 

!his requires a heavier wheel, but movement is required 

Wide. A large area could be cleared by movement in only one horizontal 
direction. However, the power required would be high. Tests by the 
Joy Manufacturing Company (5) on different methods of mine emplacement 
showed that a drum (35"dia. x 18" long) rotating about a horizontal 
axis would excavate a well formed 12" deep hole in various earth soils i n  
a short time. However, compared to conventional methods, such as augering, 
excessive power was required. 

Narrow. This would in effect, cut d trench through the overburden, but 
the power requirements would be lower. 

Concept 13 overcomes the difficuities associated with 2) above. 
there is a lubrication problem f o r  each link in the chain. In addition, 
a chain with drag cutters mounted on it did not produce a clean hole in 
all soil conditions in the Joy Manufacturing Company tests ( 5 ) .  One 
solution is to use a one-piece "chain" such as a steel belt. The mechanism 
then would be that of a belt sander. However, problems still exist such 
a8 cutting the side8 of a trench in a cohesive formation, keeping the belte 

However, 
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particle, did not seem to make the numerical solution of thc problrm worth 
the effort. 
and the 1410 computer but the answers probably would not have any relation 
to the pnysical situation. Experimental work with a breadboard model in a 
vacuum would give more reliable answers. Therc*fore for concept purposes a 
sample catcher with its own vertical drive system rather than deflector will 
be used. If it is decided to build a breadboard model based on this overall 
concept, the addition of a deflector for testing will be a simple matter. 

An answer could have been obtained using numerical methods 

At this point the complete system was envisioned as: 

1. A large diameter, narrow, overburden wheel with a drive system 
to supply rotation. 

2. A feed mechanism to move the overburden wheel horizontally in 
the plane of rotation. 

3. A vertical feed mechanism. 
4 .  An air blast t o  c l e a n  tile rock surfaces of any loose particles 

before sa:~licg. 
5. A sample w h e e l  and drive system. 
6 .  A sample catcher. 

Two concepts for meeting these requircnients are shown in Figures 2 ,  3 ,  and 
4 .  Figure 2 is a combination overburden wheel and sample wheel with a 
method of mechanically entrapping the sample. Figure 3 shows the detail of 
the wheel of Figure 2 .  Tine support structure supports the motor on one 
side and a pressurizing air system on the other side as well a s  providing 
a journal support for the rotating w h e e l .  The rotating portion of the 
wheel has a T-shaped cross section with a ring gear on its inside diameter. 
This allows the wheel to be rotated thru the idler and pinion arrangement 
shown. The rotating portion is a multiple part assembly consisting of an 
outer over-burden wheel and an inner sample wheel. The sample wheel has 
a grinding surface on its outer diameter. ??le overburden wheel is fastened 
to the sample wheel in sections with explosive bolts. The overburden wheel 
is essentially a staggered tooth side milling cutter. Each tooth extends 
only half the width of the wheel so that the cutting load on each tooth is 
reduced. The teeth are alternately placed on different sides of the wheel 
center line so that the entire width of the trench being cut is covered. 

The overall concept is shown in Figure 3 .  The wheel of Figure 2 is shown 
mounted so that it can be moved vertically or horizontally in the plane 0 
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1. The wheel i s  lowered and a t r e n c h  is  c u t  i n  t h e  overburden 

2. The e x p l o s i v e  b o l t s  a r e  i i r e d  and t h e  s e c t i o n s  o f  ove r -  
down t o  rock  u s i n g  the milling c t i t t e r  t e e t h .  

burden wheel f a l l  o f f  exposing t h e  g r i n d i n g  s u r f a c e  of 
t h e  sample wheel. 

supp ly  mounted on t h e  d e f l e c t o r  d i r e c t s  a b l a s t  of a i r  
(or gas) a t  t h e  exposed rock t h e r e b y  removing t h e  l a s t  
p a r t i c l e s  of overburden,  
The sample wheel is  r o t a t e d  and t h e  rock  par t ic les  are 
d e f l e c t e d  i n t o  t h e  t r a y .  

3 .  The d e f l e c t o r  i s  lowered i n t o  t h e  t r e n c h  and t h e  a i r  

4 .  

An incomple t e  v a r i a t i o n  of  t h i s  system i s  shown i n  F i g u r e  4 .  The wheel 
d e t a i l  i s  shown on t h e  l e f t ,  Here the r o t a L i n g  p o r t i o n  i s  a one -p iece  

4 c - A h  - - A -  - . 3 ;  ,>- ';>,A ,-;,,>,: ;; p.1 -9- > * - - E , , , <  4 w Y L\."L*. ; A r c  ... ---. - I .-i n r ? r t i s r ,  cf the c r ~ e r a l l  
c o n c e p t ;  t h a t  p a r t  no t  shown is  ve ry  s imi la r  t o  F i g u r e  3 .  Here tne sampiing 
wheel i s  t h e  L i t t o n  I d u s t r i e s  small %acuum c l e a n e r "  (6) of concep t  12A. 
The sequence of o p e r a t i o n  i s  a s  follows: 

1, Tile overburden wheei i s  lowered and a t r e n c h  i s  c u t  

2. The "vacuum c l e a n e r "  i s  lowered i n t o  t h e  t r ench .  The 
t h r u  t h e  overburden.  

be l lows  p r o v i d e s  a s e a l  on t h e  hardpan.  
t o  t h e  a i r  t u r b i n e  which r o t a t e s  t h e  g r i n d i n g  wheel,  
Exhaust a i r  from t h e  t u r b i n e  p i c k s  up t h e  sample p a r t i c l e s  
and t r a n s p o r t s  them up t h r u  t h e  s u p p o r t  t u b e  t o  t h e  s u r f a c e .  

A i r  i s  s u p p l i e d  

Conc lus ions  

1. The removal of overburden concept  i s  f e a s i b l e .  
2. Two p o s s i b l e  c o n f i g u r a t i o n s  a r e  shown i n  F i g u r e s  2 ,  3 ,  and 4 .  
3 .  Problem areas s t i l l  e x i s t  i n  t h e s e  c o n f i g u r a t i o n s ;  some of t h e s e  

are  : 
a) o v e r a l l  complexi ty  - t h r e e  motors, t w o  l e a d  

b) overburden wheel removal i n  F i g u r e  3 
c) s e a l  between box and rock  i n  F i g u r e  4 

The c o n f i g u r a t i o n  shown i n  F i g u r e  3 can  t a k e  a n  uncontaminated 
sample of rock  o r  of overburden,  b u t  n o t  both.  

screws, e tc .  

4 ,  

B.8.6 



5 ,  The configuration shown in Figure 4 can take an uncontaminated 
sample of overburden, rock, or both by the addition of valving 
and cyclone separators at the exhaust end of the air transport 
system, However, lost circulation is possible if no solid rock 
is encountered , 
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An idea using t h e  basic principles of concept 19 i s  shown by Figure 1. 
T h i s  concept would consist  of a 4 s t a t ion  indexing  nechanisn. A t  t h e  
first station t he  casing and tne renovaole b i t  are dr i l led in to  the  
formation. Tine cesing woUd be scale6 at t h i s  p i n t  i n  t h e  operation 
w i t h  the  grouting material. 
m e c h a n i s m  which could be disconnected from t h e  casing and w i t h d r a w  froin 
t h e  work areti. 
The material displaced by t h e  b i t  and the casing could be removed by the 
use of auger flights on t h e  outside of t h e  c a a i q  o r  by gas yresmre 
blowing it aside. 

The casing and b i t  would be rotated with a 

T h i s  m e c h a n i s m  could be patterned af'ter a power swivel. 

A f t e r  t h e  b i t  and casing rotat ing device is  moved out of position, the  
explosion bolt6 are f i red  or the catch mechanism i s  released. T h i s  ac t ion  
f r e e s  t h e  raovabfe  b i t .  
and secures t h e  b i t  and is  retracted out of tne casing and out of t he  work 
area. 'vlhile t he  indexing operation occurs, s t a t ion  three, the  d r i l l i n g  
and sanpling device, is  moved in to  p s i t i o n  over t h e  casing. The d r i l l  
i s  lowered i n t o  the casing t o  the  formation and takes the  desired sample. 
The fourth s t a t ion  woi l ld  be, i n  the case of the s tomge b i t  as used here, 
t o  retract the d r i l l  and drop the  mater ia l  i n to  t h e  sample container. 

A t  statioa tvo a probe i s  lowered in to  t h e  casing 

T h i s  concept offers  only t he  advantage of t h e  elimination of t he  large 
cone shaped casing a6 proposed i n  concept 19. 
requirement of a mechanism t o  ro ta te  the  casing and b i t ,  t o  release itself 
from the casing and then be re t racted from the  work area. 

A disadvantage is the 

The d r i l l i n g  and sainpling device as 6ficrdn by Figure 2 i s  an attempt t o  
eliminate t h e  indexing operations t h a t  are required f o r  Figure 1 and 
concept 19. Tne operation and main features  are outlined below. 

The main structural tube, the drill motor and percusssr device, the  feed 
screw arrangernent and guides a re  similar to t he  ones proposed f o r  t h e  
vibrat ing screw conveyor. The 
bill stem, the  casing and tile b i t  a l l  ro t a t e  as a single unit. 
ro ta t ion  and impact blows a re  t ransz i t ted  t o  the  casing and b i t  through 
t h e  d r i l l  stem and adapter which connects t h e  d r i l l  stem t o  the  casing. 
A f t e r  d r i l l i n g  through t h e  overburden and into the  rock formation t o  seat 
itself, the  d r i l l i n g  operation i s  stopped and the  grouting operation is 
started. The cuttings produced have been removed by t h e  gas transport 
system as sham by F'igure 2. After the grouting operation i s  completed 
and the formation s tabi l ized,  the pyrotechnic device i s  fired and t h e  
adapter i s  sheared i n t o  two pieces. L.ter t h e  a h p t e r  has been sheared 
t h e  d r i l l i n g  operation i s  s tar ted again and t h e  desired sample can be 
obtained from t h e  fonnation. 
i n  the v e r t i c a l  posit ion by t h e  casing supports while t he  d r i l l  and drill 

?ne d r i l l i n g  t o o l  i s  a percussor type. 
The 

The casing w i l l  remain s ta t ionary and held 
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stem advance i n to  the  formation t o  secure the desired sample. 

Figure 3 shows the same basic d r i l l i n g  arid sempling device as shown by 
Figure 2 except for the  nethod of sealing the  overburden. The Be- 
device consists of an inflatable bag protected from damage by a thin 
slotted ring which I s  attached to the casing. 
details.  

See Figure 3 for the 

-. 1 'Fh- A.LIc en----+- buuLsyro BB s t c i  by Figire6 1, 2 and 3 axxi concept 
number 19 would all probably be able  t o  drill and acquire 
the desired sample. 

2. Concepts 88 s h m  by Figures 2 and 3 are simpler In deelgn. 

3. The concept as shown by Mgure 3 ha6 the  most promise. 
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APPENDIX B.9 

REPORT OF I h i S T I G A T I O N  

DOUBLE WALL TUBE TO SEAL OVERBURDEN FROM SAMPLE 

This  investigation cwers concepts it5 uti i9, a netno6 of eeaiing out the 
OYer-G.&-&G tl"re as a means to get to the des-.=& 

sample. 
is covered i n  a s e p a r a t e g e ~ r t  0' TnvPstigatiOn. 

The concept of t he  use of a double w a l l  tube and gas transport 

Concept number 16 i s  not feasible. 
concept sheet poifit out t he  salient features  that  make t h i s  device un- 
desirable. 

The disadvantages as outlined on the  

No additional time w i l l  be spent studying t h i s  concept. 

Concept number 19 appears to be a workable system. I w i l l  not delve i n t o  
t h e  advantages of this syrrta i n  t h i s  I,O,C. a8 they are already outlined 
on the concept sheet. Sme problem areas tha t  come t o  mind are: (1) Paver 
requirements t o  tu rn  t h e  cone and b i t  plug (greater  o r  l e s s  than impsct 
t o o l  requirements?); (2)  Is a s e a l  or grouting material necessary i f  the  
cone is Isolated from b p a c t  t o o l  operation?; (3)  
(4)  
or grout material that would meet o r  worX i n  t h e  lunar enviroament? Some 
of these questions can be answered t h r o w  t h e  studies made of t h e  other 
concepts. 
mountable design problem. 

Plug re lease m e c h a n i s m ;  
Weight of t o t a l  system nay nake it undesirable; (5) C a n  w e  get  a seal 

I do not believe t h a t  any of these areas  will be an insur- 

The concepts as proposed f o r  the screw conveyor and gas transport  may not 
work at all if a problem develops because of leaking material darn the  
annular area ailjacent t o  the  drill stem due t o  t h e  vibrat ing motion of the 
drill stern. Concept 19 appears t o  have t h i s  problem mea solved i f  we  can 
get  an ef fec t ive  grouting material. 
superior t o  the others that I have studied. 
problem of transporting the  sample t o  t h e  surface. 
can be solved by the  ga8,transport systern or other mechanical devices such 
a s  the calyx basket or a bit storage container combination such aa the 
Hui3hes A i r c r a f t  bit. 

This one advantage makes concept 19 
However, w e  still have t h e  

This problem probably 
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APPEKDIX B. 10 

REPORT OF INVESTIGATIOK 

SAMPLISG BY USE OF EXPLOSIVES 

I ~umoi)ucTIohT : 

~ n i s  invest igat ion reiates t o  tne use or  expiobives u+'m a i i i o s i v e ~  
actuated devices f o r  t n e  purpose of lunar smpling.  
Concepts 17, 18, and 18A are t o  be evaluated. 
eacn follows: 

I n  particular, 
A br ie f  descr ipt ion of 

Concept 17 - Use dynamite t o  remove overburden. 

Concept 18 - A pat te rn  of q l o s i v e  driven penetrators,  
operating i n s i a e  a casing, producing rubble 
and u t i l i z i n g  t h e  confined products of t h e  
explosives t o  lift the  rubble. 

Concept la- Explosive type coring device with te thered  bullet. 
Concept similar t o  M. M. Kinley patent 3,172,486 
dated 3-9-65. 

Concept 17 

"hi8 idea is not r e s t r i c t e d  t o  use o?' - m i t e  exclusively, but encompasses 
any explosive-type system, whether it be  chemical or  mechanical. 

I n  evaluating t h i s  concept, the  approach shal l  first be t aken  that an ex- 
plosive device is ava i lab le  o r  can b e  developed such t h a t  i t s  strength,  
handling charac te r i s t ics ,  safety,  and other  operational requirements under 
t h e  severe lunar environmental conditions em a l l  be m e t .  Given such a 
device, i6 it then des i rab le  to use it t o  remove overburden? 

Considerable work has been done i n  es tabl ishing a basis for  predict ing ex- 
plosive c r a t e r  geometry, based OD botn small and la rge  sca le  tests, i n  
References 17 and 18. 
air-medium interface,  and buried detonations. 
t h e  capabi l i ty  of explosives t o  develop c r a t e r s  with depths of one foot, 
t h e  following tabulat ion vas developed: 

Curves nave been developed f o r  air bursts,  detonetions 
In order t o  get  a "feel" of 



H a t  er ia l  

P l a s t e r  
of Paris 

Concrete 
Mortar 

Rocinrille 
Granite 

Desert 
Alluvium 
ms 

Crater  
Depth, 
Ft. 

1.00 
1.05 
1. w 
i. E 3  

1.03 
1.00 
1.20 
1.00 

I. 00 
.96 
1.00 
1.00 

1.00 
1.00 

Re cpi r ed 
Charge, 
Lb 

lo00 
343 

/ I .  
0- 

rt. 6 
0 
1 
1 
1 

54 
27 

ll 

6 
1.81 

16.6 

Burial 
Depth, 
Ft. 

0 
3.5 

3-75 

0 
- 5  
1.0 
1.5 

0 
1.5 
2-5 
3.33 

49 

I .  n 
v.  v 

0 

Crater 
Dia. , 
Ft. 

32.0 
i4. O 
12. [! 
3.L c! 

4.4 
2.8 
3.6 
4.6 

8.0 
9.0 
11.0 
10.7 

5 .64  
4.64 

The burial depths above a r e  based on the  locat ion of t h e  center  of t h e  
e q l o s i v e  mass. 
weakest i n  tension, deser t  a l iwium, reqiriree t h e  snaLlest charge, 6 
lab., t o  produce a one ft. dee;, Crater, ai zero o n i a l  depth. Note 
however, t h a t  the  predicted c r a t e r  dianeter  i e  over 5-l/2 f t .  

Tine tabulat ion shc~ws t h e t  t h e  mater ia l  nost probably 

In the  appl icat ion of e q l o s i v e s  t o  renove overburden, a number of ob- 
ject ionable  points seem rather obvious, a t  t h i s  stage: 

1. While lesser charge weights would be required to achieve 
a one foot  deep cra te r ,  t h e  mechanical complications of 

technique undesirable. 
I t  . ourying" charges below t h e  lunar surface would m a k e  t h i s  

2. Use of explosives s i tua ted  at t h e  lunar surface r e s u l t s  i n  
higher charge weights and larger  c r a t e r  d i m e t e r s .  
size of t h e  resu l t ing  crt i ter  would require remote blasting, 
a t  l e a s t  t o  t h e  extent of not dieturbing t h e  material upon 
which t h e  spacecraft  rests. 

The 
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3. Even pore reqote  pos i t ion ing  of t h e  s~c r fece  d e t o m t i o n  would 
be required to pro tec t  t h e  spacecraf t  ana o the r  equipnent frcan 
high v e l o c i t y  ejecta and air blast effects, propagated i n  a 
near-horizontal  d i rec t ion .  

V h i l e  none cf f ~ ~ ~ g ~ ~ n ; :  cpta res*Lt= sr  cz c~-los$;*e evezt, 
i n  l u a r  dust, o r  rubble, under hare VaCUiJi?! con*dtic?ns, it VCY~LI eppear 
t h a t  t h e  case of hTs deser t  alluvium would be t h e  neares t  comparison. 
It vould a l s o  appear t h a t  Items 2 a d  3 above -~ould be s u f f i c i e n t  cause 
t o  r e j e c t  t ne  idea of use  of explosives t o  remove overburden, based upon 
s t r i c t l y  a j q i i c a t i o n  considerat ions,  v i thout  any thought having been given 
t o  problems concected with aevelopnent of explosives compatible with t h e  
extrane emr i romen t s l  temperature var ia t ions .  

Coocept 18 

Reference 16 
t e s t s  with explosively dr iven  p r o j e c t i l e s .  
f o r  var ious ly  shaped p r o j e c t i l e s  i n  var ious  ma te r i a l s  can be r e l a t e d  t o  
consmed energy, based on atcospheric  t e s t s .  The w r i t e r  f e e l s  t h a t  
Concept 18 can oe evaluated on a rzxh more Xacroscopic basis, however. 
Tne reqclired smple volme,  3 cc., i s  of such saall magnitude as t o  r e j e c t  
t h e  idea  of a m u l t i - p n e t r e t o r  s e t q  f o r  a s i rg le -shot  appl ica t ion ,  due t o  
complexity alone. Tie  idea of a snort  o u s t  of explosive product gases 
beifig used t o  t ranspor t  t h e  resulting rcljble blso appears t o  be incompetible 
w i t h  s i n p l i c i t y  of Lesign, inasmc:i as ;renting of t h e  gases from t h e  in-  
c i i v i d u a l  cmous t ion  cnanbers t o  tr,e v i c i n i t y  of t h e  r J b b l e ,  o r  below, would 
be a necessary c r i t e r i a  f o r  l i f t i n g , .  Otherwise, an aciverse e f f ec t ,  t na t  of 
hold ins  down t h e  rubble, would r e s u l t  as t h e  gas expands and vents  i n t o  a 
saiilple co l l ec to r .  

c i t e s  a grrna'. d e a l  of data r e l a t e d  t o  dynamic rock penet ra t ion  
Penet ra t ion  and crater vollmtes 

A more des i r ab le  asproeh voiila appear t o  be i n  the  d i r e c t i o n  of a s i n g l e  
pene t ra tor ,  dr iven so t h a t  it impacts repeatedly,  with a con t ro l l ed  
transport system. If indeed, gas t ranspor t  i s  des i r ab le  at  all, t h e  a b i l i t y  
t o  c o n t r o l  pressures  and flow ra tes ,  as w e l l  as t i e  a b i l i t y  t o  seal cas ing  
aga ins t  formation, is necessary, but would be of infinitely g r e a t e r  d i f f i c u l t y  
t o  achieve I n  t h e  explosive pene t ra tor  s i t u a t i o n  than  in t h e  case where gas 
flow is d i r e c t e d  from a pressure vesee l  o r  gas generator.  

B. 1 0 . 3  
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The patent by M, M. Kinfey appears t o  be a retsonable structural re- 
presentation of t h e  basic ideas forwarded in Concept 18~. 
of t h i s  coricept is based la rge ly  on coments  f ron t h e  Welex Corporation. 
A l e d n g  firm dealing in o i l f i e l d  w i r e  i i n e  services  Including per- 
fora tdng  and explosive s idewa l l  coring (Reference 19). To quote Ref. 19, 
"Current ar t  as practiced i n  coring of w e l l s  does not have t h e  c a p a b i l i t y  
of o j ta in ing  and re t r iev ing  a three ( 3 )  cubic centjmeter sample (of base i t  
o r  g r m i t e ) .  
f o n a t i o n e  of basa l t  o r  granite,  among then being; (a) 
of t n e  rock OCCUTG 'under t h e  hi& loading r a t e s  impxed by explosive 
dtvLces. (b) The sanpie e_isioQed from the rock is  so fragnented t h a t  
re tent ion i n  the  conventional core b a r r e l  i s  most unlikely, par t icu lar ly  
w h e n  consideration i s  given t o  the di f fe ren t  forces  which a c t  upon any 
retained smple ,  as the  core bar re l  i s  returned t o  t h e  surface from coring 
depth" . 

The evaluation 

Several  conditions ex is t  t n a t  prevent recovery of coreb ia 
B r i t t l e  f r a c t u r e  

"It might be possible t o  fr-ent basa l t  o r  gran i te  t o  produce t h e  required 
s a i p l e  with a modification of current ly  used designs, Bowever, r e t r i e v i n g  
a sample i n  a b a r r e l  would be most unlikely and design l imi ta t ions  created 
by vesse l  dimensions and t he  necesssry l b i t e d  weight of the  coring device 
woclld open t h i s  avende t o  question. 
experimental work conducted by Xelex". 

The basis f o r  t h i s  reply l i e8  in 

"Current ar t  i n  regard t o  t h e  use of e q l o s i v e  devices  within the proposed 
Envirorment leaves se-Jeral questions yet t o  be anmered. Most in fomat ion  
on explosives tind metal? used t o  construct explosive devices covers the  
rarige from approx. -100'F t o  -240'F. 
arca" . Drvelopnent work should cover t h i s  

"One predictable  result of the  loder tenpereture on explosives would be 
t h e  reduction i n  Generated force since a portion of the  released chemical 
encrgy woald be diss ipated i n  ra i s ing  the temperature of t h e  explosive t o  
the  threshold value for  deflagration o r  detonation as t h e  case may be. 
1160, with a hard vacuum, it night, be w e l l  t o  consider an explosive which 
contains a pos i t ive  oxygen balance i n  t h e  explosive product8 a8 f i r e d  in 
an earth atmosphere". 

"Low tenperature s tud ies  of metals has indicated t h a t  se lec t ion  of the  
pro2er mater ie l  ;'or explosive devices wculd be most cri t ical .  
ture  d r a s t i c a l l y  decreases t h e  impact r e s i s t a n t  propert ies  of 60me metals 
while other  materiale are not 60 effected". 

Low tempera- 

r ] 
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D e n  if t h e  foregoing comentsry were i n  a more posit ive tone, addi t ional  
problem are foreseen in application of t h i s  coricept. Retention of dust 
or rubble i n  the  core barrel would not be poseible. In harder formations, 
i f  we indeed w e r e  for tunate  enough to  be able t o  design 8 core 'barrel such 
t h a t  a sample could be comxcted (though fractured) in to  it, the  problem 
of punching it out intc! the  smp1e collector, aa2 scbscq~ent sizi% for 
analysis would remain. 

1. Concept 17 i6 rejected as being too hazardous t o  t n e  space- 
c ra f t  and other e c p i p e n t ,  from t h e  standpoint of hi&- 
velocity eJecta and also of jeopardizing spacecraft Support 
G U r f  ac es. 

2. Concept 18 is reJected as being too complex, and as offering 
an inadequate solution f o r  sample transport. 

3. Concept 1& is re jected on the basis that explosive coring 
devices cannot produce and/or recover samples frm rock 88 
hard a6 baselt or  granite. 
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